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ABSTRACT 



This report is divided into five parts. Part One entitled 
"Science Education for Contemporary Society: Problems, Issues and Dilemmas," 
explores the contemporary relationship between science and society and 
studies how current practices in science teaching are based on a number of 
myths or assumptions that are not always justified. It also examines existing 
obstacles to change and ends with suggesting some elements of remediation. 
Part Two and Part Three address "Current Trends and Main Concerns as Regards 
Science Curriculum Development Implementation in Selected States in Asia and 
in Europe." Each case study focuses first on the status of teaching science 
and technology in the country, secondly on the main problems in teaching 
science and technology, thirdly on recent reform, and fourth on innovative 
use of non- school resources. Part Four, "New Approaches in Science and 
Technology Education, " presents four contributions focusing on key issues for 
science teaching. Part Five contains an overview of "The Challenges to Be 
Faced in Order to Progress towards a Greater Coherence and Relevance of 
Science and Technology Teaching." (SAH) 
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Foreword 



The development and reform of school curricula is an on- 
going preoccupation for educational authorities in all 
countries. The approach of the new millennium has given 
new urgency to efforts by governments to provide all cit- 
izens with access to quality education, at least for the basic 
level, while improving and widening access to secondary 
education. More than ever before, governments are being 
called upon to equip children and young people through 
education with the capacity to lead meaningful and pro- 
ductive lives in a world of bewilderingly rapid and com- 
plex change. Existing curriculum content and pedagogical 
methods are increasingly being called into account, as 
pupils leave schools ill prepared for the world of work and 
adulthood, unready and unmotivated to carry on learning 
throughout their lives. The meaning and role of education, 
of teaching and learning, are constantly being redefined in 
an effort to meet the real needs and demands of individu- 
als and society. 

The implication of globalization for societies around 
the world is at the heart of present concerns to improve 
and upgrade education systems. While globalization is of- 
ten defined primarily in terms of its economic dimensions, 
the Report to UNESCO of the International Commission 
on Education for the Twenty-first Century — the Delors 
report — sees the most important consequence of this com- 
plex phenomenon to be its socio-cultural and ethical di- 
mensions. It draws attention to the growing 
interdependence and interrelationships between peoples 
and cultures the world over: ‘the far-reaching changes in 
the traditional patterns of life require of us a better under- 
standing of other people and the world at large today; they 
demand mutual understanding, peaceful interchange and 
indeed harmony ’. 1 However, the report stresses that 
‘learning to live together’ — one of the pillars of educa- 
tion — will only occur through the possession of self- 
knowledge and understanding, and appreciation of one’s 
own origins and culture. 

It is now widely recognized that designing a curricu- 
lum is mainly a national concern, normally shared be- 
tween educational protagonists at the central, local and 
school level. The principle of subsidiarity suggests that 
curriculum issues should not be addressed at the supra- 
national level. Indeed, experience shows that, until quite 
recently, international exchanges and co-operation in 



'Delors, J., et al. Learning: the treasure within. Paris, UNESCO, 
1996, p. 22. (Report to UNESCO of the International Commission on 
Education for the Twenty-first Century. 



curriculum development were limited, being restricted 
to professional associations of curriculum specialists. 
However, two recent trends have contributed to bring- 
ing international attention to bear on curriculum mat- 
ters: 

• The globalization of economies and societies raises a 
new challenge, requiring the adaptation of educational 
content to meet both national demand and internation- 
al concerns; 

• The diversification of actors — both national and inter- 
national — involved in the delivery of education (in 
particular with the growing use of information and 
communication technologies — ICTs), as illustrated by 
the significant share of non-formal education, have re- 
sulted in the emergence of new concepts and norms for 
educational content. This is indicated by such terms as 
the ‘common core’, ‘universal values’, ‘basic life 
skills’, etc. Once again, this means sharing responsi- 
bility for educational content, as well as presenting us 
with new opportunities for international co-operation 

It is against this background and in an effort to respond to 
the numerous contemporary concerns about the content of 
education, that the International Bureau of Education — 
designated as the UNESCO institute responsible for 
strengthening the capacity of Member States in curricu- 
lum development — is focusing its new programme activi- 
ty on the adaptation of the content of education to the 
challenges of the twenty-first century. The IBE’s pro- 
gramme is divided into two components: (i) integrating 
the concern of living together into the content of educa- 
tion; and (ii) adapting the content of education in order to 
cope with some of the challenges raised by a globalized 
world. 

The IBE programme of co-operation in ‘research and 
studies’, ‘training and capacity building’, and ‘the ex- 
change of information and expertise’ is based upon two 
major assumptions: 

• Although different Member States of UNESCO have 
very uneven and heterogeneous experiences in the de- 
sign and adaptation of their educational content, there 
is room for beneficial exchanges between countries; 

• Although there are some common views on how to ad- 
dress the demand that content should be modified, a 
great deal remains to be done to improve the process 
of adaptation. 

The approach to implementing the programme followed 
by the IBE is based on the assumption that the programme 
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proposes to include: (a) an international platform of infor- 
mation on educational content; and (b) a number of re- 
gional and sub-regional co-operation projects. The 
preparation of such programmes is carried out through re- 
gional workshops. 

After a first pilot intensive sub-regional training 
course held in 1998 for the Member States of the Mediter- 
ranean Region and a sub-regional course organized in 
1999 in New Delhi to cater to the concerns of South and 
South-East Asia, an international workshop took place in 
Beijing, in March 2000, on The reform in the teaching of 
science and technology at primary and secondary ; level in 
Asia: comparative references to Europe. The purpose of 
this third meeting was: 

• To reveal the common difficulties faced by countries 
in reforming scientific and technical curriculum at 
school level and to jointly explore the ways of over- 
coming them; 

• With the help of international experts, to study in 
greater depth a few topics of particular interest for cur- 
riculum development specialists in the field of science 
teaching; 

• To discuss the possibility of launching a network deal- 
ing with the management of curriculum change in 
China. 

Specific attention was paid during the debates to the prob- 
lems, issues and dilemmas affecting science education in 
contemporary societies, and to the relevance of new ap- 
proaches currently developed in the field of science and 
technology teaching, such as those aiming at defining 
what ‘basic scientific knowledge’ consists of, implement- 
ing the STS (science, technology, society) strategy, as- 
sessing experimental abilities, making use of non-school 



resources, etc. The discussions were lively, while lucidity, 
questioning and doubts were evident. 

This publication is a compilation of the various pres- 
entations made during the workshop. Both through the di- 
versity of topics covered and the list of issues raised, it 
offers a rich review of the challenges facing both Asian 
and European countries seeking to adapt their scientific 
and technological teaching so as to better respond to the 
social demand of the new century. 

The IBE would like to thank all of the experts and cur- 
riculum specialists, coming from fifteen different coun- 
tries located either in Europe or in Asia, who have 
accepted to share their knowledge and experience with a 
great deal of openness, and who showed that they were 
eager to learn from what is happening in other countries 
and regions of the world, in their own field of expertise. 

On behalf of the International Bureau of Education, I 
would also like to express my deep gratitude to the Gov- 
ernment of the People’s Republic of China — and in partic- 
ular to its Ministry of Education — for its generous support 
of the workshop. China both financially supported and 
hosted the meeting and contributed very significantly to 
the debates and to enriching the information shared 
among the participants. Finally, I wish to express my sin- 
cere thanks to Mr. Du Yue, Director at the National Com- 
mission of the People’s Republic of China for UNESCO 
and all his staff, for their untiring help, throughout the 
preparation and the holding of the meeting. 

Jacques Hallak 
Assistant Director-General 
Director of the IBE 
June 2000 
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Introduction 



This report is divided into five parts. In Part One, entitled 
‘Science education for contemporary society: problems, 
issues and dilemmas’, Osborne explores the contempo- 
rary relationship between science and society. He shows 
how current practices in science teaching are based on a 
number of myths or assumptions that are not always justi- 
fied. He examines the existing obstacles to change and 
ends by suggesting some elements of remediation ‘for be- 
yond 2000’. 

Parts Two and Three deal with ‘Current trends and 
main concerns as regards science curriculum development 
and implementation in selected States in Asia’ and ‘in Eu- 
rope’. Each case study focuses: first, on the status of teach- 
ing science and technology in the country under discussion 
by describing the major aims established for the teaching 
of science, the ‘basic knowledge’ being taught in that field 
and the number of hours devoted to science teaching at 
each educational level; second, on the main problems that 
the country is confronted with as regards teaching science 
and technology, such as up-dating curricula, producing rel- 
evant materials, training teachers, setting-up adequate 
methods of assessment, etc.; third, the most recent reform 
implemented in the country, either in the field of science 
or technology, and the main conclusions to be drawn from 
this experience as regards the management of change in 
content; fourth, innovative uses of non-school resources in 
the teaching of science and technology to primary and sec- 
ondary pupils, involving museums, private firms, etc. 



Part Four, New approaches in science and technology 
education’ , includes four contributions, focusing on key is- 
sues for science teaching today. Pilot presents the concept 
of ‘basic scientific knowledge’ through some of the re- 
forms recently undertaken in science and technology 
teaching in European States. Ilan discusses the design and 
implementation of an interdisciplinary curriculum in sci- 
ence and technology, referring to the experience of Israel. 
Ellis stresses the importance of non-school resources for 
science education, describing some of the educational ac- 
tivities developed by the European Centre for Nuclear Re- 
search (CERN). Gregorio summarizes some of the main 
challenges that countries in Asia and the Pacific have to 
face in science education. 

The publication concludes in Part Five with an over- 
view of ‘The challenges to be faced in order to progress 
towards a greater coherence and relevance of science and 
technology teaching’. Hallak and Poisson start by identi- 
fying the various concepts used throughout the discus- 
sions. They then specify the various options, policies and 
strategies regarding science teaching that arose from 
country presentations. They emphasize the importance of 
some particularly innovative experiments undertaken in 
the field of science and technology teaching, such as 
hands-on learning projects and recapitulate briefly various 
alternatives in the organization, management and assess- 
ment of scientific teaching. By way of conclusion, they 
provide a list of outstanding and undocumented questions. 
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PART I: 



SCIENCE EDUCATION FOR 
CONTEMPORARY SOCIETY: 
PROBLEMS, ISSUES AND DILEMMAS 
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Keynote speech 



Jonathan Osborne 



I. SCIENCE TEACHING 

IN THE UNITED KINGDOM 

Science education in the United Kingdom is compul- 
sory from age 5 to 16. Post- 16 pupils now have to study 
a minimum of three subjects and are encouraged to 
study at least four before selecting three for their final 
year. None of these need be science. The curriculum 
exists from age 4 to 16 and is specified in a government 
document entitled the ‘Science National Curriculum’, 
which describes both the content and the processes of 
science to be taught through a programme of study 
divided into four strands: 

• Scientific enquiry; 

• Life and living processes; 

• Materials; and 

• Physical processes. 

This curriculum is outlined for four Key Stages. Key 
Stage 1 (ages 5-7) and Key Stage 2 (ages 7-11) are 
both delivered in the primary school and currently occu- 
py one hour a week of curriculum time on average ac- 
cording to recent research at King’s College (Dillon et 
al., 2000). More time than this may be given under the 
compulsory hour a day for the teaching of literacy 
where science books may be used for the reading of 
non-fiction material. Key Stage 3 (ages 11-14) and Key 
Stage 4 (ages 14-16) are taught in secondary school, 
where approximately 12-15% of the time is given over 
to science at Key Stage 3 and 18-20% of the time at 
Key Stage 4. The curriculum is dominated by the basic 
concepts of science rather than technology as technolo- 
gy is taught as a separate subject. 

The broad aims of science education are to stimulate 
and excite pupils’ curiosity about phenomena and events 
in the world around them. It also satisfies this curiosity 
with knowledge. Because science links direct practical 
experience with ideas, it can engage learners at many lev- 
els. Scientific method is about developing and evaluating 
explanations through experimental evidence and model- 
ling. This is a spur to critical and creative thought. 
Through science, pupils understand how major scientific 
ideas contribute to technological change — impacting on 
industry, business and medicine and improving quality of 
life. Pupils recognise the cultural significance of science 
and trace its worldwide development. They learn to ques- 
tion and discuss science-based issues that may affect their 
own lives, the direction of society and the future of the 
world. 



II. MAIN PROBLEMS WITH SCIENCE CURRICULA 

As currently practised, science education rests on a set of 
arcane cultural norms. These are ‘values that emanate 
from practice and become sanctified with time. The more 
they recede into the background, the more taken for 
granted they become’ (Willard, 1985). A closer examina- 
tion and the insights of contemporary scholarship expose 
these norms to be nowhere near the self-evident truths that 
we may think — what I might choose to call the eight 
‘deadly sins’ of science education. For in contemporary 
society, research would indicate that trust in science is de- 
pendent on developing a knowledge not only of its basic 
concepts and ideas of science, but also how it relates to 
other events, why it is important, and how this particular 
view of the world came to be. Any science education, 
therefore, that focuses predominantly on the intellectual 
products of our scientific labour — the ‘facts’ of science — 
simply misses the point. Science education should rest on 
a triumvirate of a knowledge and understanding of: the 
scientific content; the scientific approach to enquiry; and 
science as a social enterprise — that is the social practices 
of the community. 

Evidence would suggest that in many countries, nor- 
mative practice regards school science education as a se- 
lection mechanism for the few who will become the future 
scientists of contemporary society. The predominant em- 
phasis is on the content of science. However, society can 
ill afford the consequent alienation and disengagement 
with science that such courses generate. Moreover, where- 
as the modernist vision proffered scientific knowledge as 
a source, of solutions, science is now perceived too as a 
source of risk. 

Public distrust or ambivalence with science threatens 
science in two ways. Firstly, throughout Western nations 
there has been a flight from science, with diminishing 
numbers pursuing its study at the point of choice. Second, 
public distrust of scientific expertise is in danger of plac- 
ing unwarranted restrictions on future research and tech- 
nological development. Fear of the worst is leading the 
public to demand a naive application of the precautionary 
principle to research — potentially limiting the advance- 
ments that science offers for solving the plethora of prob- 
lems faced by contemporary society. In the United 
Kingdom, for instance, significant pressure groups have 
argued (using highly questionable ethical arguments) that 
all research on genetically modified food should be 
halted. 
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Why then is the current science education failing to 
develop an appropriate understanding of science, a more 
positive engagement with the fruits of scientific labour, 
and a critical but constructive understanding of its 
strengths and limitations? The argument here is that this 
failure is caused by a set of eight unquestioned norms of 
practice. 

7 . The myth of miscellaneous information 

All too many science courses have attempted to make 
students memorize a series of dry facts that no practising 
scientist knows, such as the boiling point of water, the 
density of various substances, the atomic weight of dif- 
ferent chemical elements, conversion factors from one 
system of units to another, the distance in light years 
from the Earth to various stars (and so on). However, an 
increasing body of work now shows that knowledge is 
only one component of the many competencies required 
of adults in their professional life and, unless it is con- 
stantly used, is rapidly forgotten (Coles, 1998; Eraut, 
1994). 

2. The foundational myth 

This is the myth that because scientific knowledge itself 
is difficult and hard won, learning and understanding sci- 
ence requires a similar process where the student’s 
knowledge and understanding are assembled brick by 
brick or fact by fact. As a consequence only those that 
reach the end ever get to comprehend the wonder and 
beauty of the edifice that has been constructed. Current 
practice, therefore, is rather like introducing a young 
child to jigsaws by giving them bits of a 1,000-piece puz- 
zle and hoping that they have enough to get the whole 
picture, rather than providing the simplified 100-piece 
version. In effect, although the pupils can see the micro- 
scopic detail, the sense of the whole, its relevance and its 
value — the things that matter to the pupil — are lost 
(Rowe, 1983). 

3. The myth of coverage 

I think we are suffering from a delusion that the science 
we offer must be both broad and balanced. The result is 
an attempt to offer a smattering of all sciences and to 
cram more and more into an oft-diminishing pot. Quite 
clearly, as the bounds of scientific knowledge expand 
from evolutionary biology to modem cosmology, more 
and more knowledge vies for a place in the curriculum. 
Moreover, within the disciplines themselves there is an 
ever-increasing fractionation. For instance, few now 
emerge with a degree in biology. The days of zoology and 
botany are long gone, replaced by the likes of molecular 
genetics, immunology and other specialisms. However, 
just as those teaching literature would never dream of at- 
tempting to cover the whole body of extant literature, 
choosing rather a range of examples to illustrate the dif- 
ferent ways in which good literature can be produced, has 
the time not come to recognize that it is our responsibility 
to select a few of the major ‘explanatory stories’ that the 
sciences offer? And surely it is the quality of the experi- 
ence, rather than the quantity , which is the determining 
measure of a good science education? 



4 ' The myth of a detached science 

Science education persists with presenting an idealized 
view of science as objective, detached and value-free. 
This is wrong on three counts. First, the public and partic- 
ularly young people do not distinguish between science 
and technology. Second, science is a socially situated 
product and the language and metaphors it draws on are 
rooted in the culture and lives of the scientists who pro- 
duce new knowledge. Thirdly, those that engage in sci- 
ence are not the dispassionate, sceptical and disinterested 
community that Merton (1973) portrays. Science is a so- 
cial practice, engaged in by individuals who share a 
‘matrix of disciplinary commitments, values and research 
exemplars’ (Delia, 1977). Within the contemporary con- 
text, where scientists are employed by industrial compa- 
nies with vested interests, it is hard to advance a case that 
science is simply the ‘pursuit of truth’ untainted by profes- 
sional aspirations or ideological commitments. These 
days scientists are judged as much by the company they 
keep as the data they may gather (Durant & Bauer, 1997). 

Finally, the separation of science from technology 
eliminates all consideration of societal implications. For, 
as Ziman (1994) argues, if science education fails to make 
the small step from science to its technological applica- 
tions, how can it take the much larger step to the implica- 
tions for the society in which it is embedded? Thus an 
approach to science education based on the consideration 
of Science and Technology in Society (STS) issues and 
materials, a student-orientated approach whose roots 
spread rapidly in the 1980s (Solomon & Aikenhead, 
1994), is one for which there is considerable evidence of 
a positive affective outcome (Aikenhead, 1994). Yet it is 
an approach that has effectively withered on the vine in 
the hostile environment of curricula, such as the English 
and Welsh national curriculum, which show an obsession 
with science and science alone. 

5. The myth of critical thinking 

This is an assumption that the study of science teaches stu- 
dents reflective, critical thinking or logical analysis which 
may then be applied by them to other subjects of study. A 
simple examination of the conduct of the lives of scientists 
outside the laboratory or the study of science — which 
shows that scientists are no more or less rational than oth- 
er mortals — calls this argument into question. It is based 
on the fallacious assumption that mere contact with sci- 
ence will imbue a sense of critical rationality by some un- 
seen process of osmosis. It is also an assumption 
questioned by the Wason four-card problem and the 
Wason 2, 4, 6 problem (Wason & Johnson-Laird, 1972) 
both of which require a standard scientific strategy of fal- 
sification to determine the correct answer and which very 
few, including scientists, use. In this problem, the investi- 
gator presents to the subject the following sequence of 
numbers: 2, 4, 6. He or she then tells the subject that there 
is a rule written on the other side of the card (all the num- 
bers must be positive integers). He/she then asks the sub- 
ject to work out the rule by producing further sets of three 
numbers. For each set of numbers that the subject produc- 
es, the investigator will tell the subject whether the num- 
bers that they have selected do, or do not, agree with the 
rule. The subject is then asked to repeat this process until 
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he or she thinks they know what the rule is, whereupon 
they can suggest their hypothesis to the investigator who 
will tell them whether they are correct. 

Secondly, the notion that science develops transfera- 
ble skills is also an assumption questioned by a body of re- 
search which suggests that people’s use of knowledge and 
reasoning is situated within a context (Carraher, Carraher 
&Schliemann, 1985; Lave, 1988; Seely Brown, Collins & 
Duiguid, 1989) and that detached knowledge is of little 
use to individuals until it has been reworked into a form 
understood by the user. 

6. The myth of the scientific method 

This is the myth that there exists a singular scientific 
method. The record of those who have made the important 
discoveries of the past shows not only that scientists rarely 
attempt any such logical procedure, but that the methods 
vary considerably between the sciences. The methods de- 
ployed by the palaeontologist working out in the field are 
about as similar to those used by the theoretical physicist 
as chalk and cheese. As Norris (1997) has pointed out, 
‘merely considering the mathematical tools that are avail- 
able for data analysis immediately puts the study of 
method beyond what is leamable in a lifetime’. In short, 
the procedural knowledge of science is as vast as its body 
of content. 

Yet the science that increasingly confronts the individ- 
ual in the media, with its focus on environmental or bio- 
logical issues, is predominantly based on correlational 
evidence and uses methodological devices such as clinical 
trials with blind and double-blind controls. Yet where and 
when is there any treatment of the strengths and limita- 
tions of such evidence (Bencze, 1996)? Is it not time to 
give up any notion that there is such a singular entity and 
turn instead to presenting a range of ideas about science 
and its working? 

7. The myth of utility 

This is the myth that scientific knowledge has personal 
utility — that it is essential to the mastery of technology; to 
remedy its defects; and to live at ease in the culture of 
technology that surrounds us. As machines become more 
‘intelligent’, they require less care and thought for their 
effective use. Defunct technical artefacts are simply con- 
signed to the garbage heap as the cost of repair is prohib- 
itive. And those that are worthy of repair, such as the car, 
the washing machine or the photocopier now have a level 
of technological complexity which, whilst simplifying 
their use, renders them opaque to all but the expert. 

Even its economic utility is questionable as current 
employment trends, at least in the United Kingdom and 
the United States, suggest that — although we will need to 
sustain the present supply of scientists — there is no need 
to significantly improve the number going into science, 
which remains a small minority of the school cohort of 
around 10-15% (Coles, 1998; Shamos, 1995). 

8 . The homogeneous myth 

Increasingly, in many countries, science education labours 
under the myth that its clientele are an entity who, whilst 
they might differ in aptitude and ability, nevertheless are 



best served by one homogeneous curriculum. Such curric- 
ula are normally defined by sets of national standards that, 
although they may ostensibly be voluntary, enshrine a nor- 
mative expectation difficult to transcend. With their devo- 
tion to pure science, a foundationalist approach, and a 
‘high-stakes’ assessment system, the result is a pedagogy 
based on transmission (Hacker & Rowe, 1997). Such cur- 
ricula have their ideological roots firmly planted in a set 
of values that favour knowledge over praxis, education 
over training, and content over process. By the onset of ad- 
olescence, the imperative of relevance increasingly chal- 
lenges the delayed gratification that such a curriculum 
offers leading to a lack of motivation and interest (Osborne, 
Driver & Simon, 1996). 

Such a curriculum also sits ill at ease with the increas- 
ing demand for a curriculum that would develop the pub- 
lic understanding of science. Research suggests that the 
principal point of contact of the public with science is the 
media. Other research shows that understanding and inter- 
preting science in the media requires a view that recogniz- 
es that science is a social practice and scientific 
knowledge the product of a community (Norris & Phillips, 
1994; Zimmerman, Bizanz & Bisanz, 1999). For instance, 
new knowledge does not become public knowledge in sci- 
ence until it has been checked through the various institu- 
tions of science and that papers are reviewed by peers 
before being published in journals. Re-establishing or 
maintaining trust in science requires that the regulatory 
mechanisms that ensure the validity of scientific judge- 
ment and expertise are open to all, and understood by as 
many as possible. 

What then are the methods, practices and components 
of a new vision of science education that might meet these 
concerns? The broad framework of such a vision has been 
developed in the report Beyond 2000: science education 
for the future (Millar & Osborne, 1998). In this report, we 
argued for ten recommendations that we saw would ad- 
dress many of the aforementioned criticisms. These were: 

• science education for ‘scientific literacy’; 

• an element of choice should be allowed at age 14; 

• the curriculum needs aims; 

• scientific knowledge can best be presented as a set of 
‘explanatory stories’; 

• technology can no longer be separated from science; 

• the science curriculum must give more emphasis to 
key ‘ideas about science’; 

• science should be taught using a wide variety of teach- 
ing methods and approaches; 

• assessment needs to measure pupils’ ability to under- 
stand and interpret scientific information; 

• change in the short term should be limited; and 

• a formal procedure needs to be established for the test- 
ing of innovative approaches. 

No such curriculum has been developed for those below 
age 16. A one-year course entitled ‘The Public Under- 
standing of Science’ will be offered to 17-year-old stu- 
dents for the first time. In addition, discussions are 
beginning with an examination board about developing a 
similar course pre-I6. 

However, reforming the science curriculum to meet 
the challenges of contemporary society faces a number of 
obstacles that must be addressed and met. These are the 
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limitations of the qualifications and abilities of the science 
teaching force; the problems with developing appropriate 
modes of assessment; the resistance of well-established 
stakeholders; and the culture of science teaching. 

III. THREE PROBLEM AREAS 
1. Curriculum reform 

Any new curriculum that gave more emphasis to develop- 
ing an understanding of the nature and processes of sci- 
ence would require teachers themselves to have some 
understanding of these dimension of science. Yet science 
teachers are the products of an education which has paid 
scant regard to history, or any examination of its social 
practices. And for good reason — the dominant ideology 
within science is one of dogmatism and authority, where 
the tentative nature of the roots of scientific knowledge is 
excised to present science as a body of unequivocal, un- 
questioned and uncontested knowledge which has been 
the successful, linear progression of the work of isolated 
great men, devoid of any cultural. context. The outcome of 
such an education is a body of science teachers who have 
naive views of the nature of science — seeing it as an em- 
pirical process where scientific theories are inductively 
proven (Koulaidis & Ogborn, 1995; Lakin & Wellington, 
1994). 

Similarly, Donnelly (1999) has shown how science 
teachers see their work as one that is dominated by content 
rather than process, as opposed to the contemporary 
treatment of history where the history teachers seek to de- 
velop an understanding of what it is to do history. The 
significance of empirical work to science, and in the 
teacher’s practice, is such that they are endowed with dis- 
tinctive status by the provision of specialized laboratories. 
Laboratories in their turn become rhetorical artefacts where 
the scientific world-view can be used to illustrate the pre- 
dictability of nature and inspire confidence in its portrayal 
of nature (Donnelly, 1998). So this is my first problem — 
is it reasonable to ask science teachers to teach science with 
an emphasis of which they have only a limited under- 
standing themselves? 

The history of educational innovation within the sci- 
ence curriculum shows that change, when supported with 
new textbooks and extensive training, has only had limit- 
ed success. The modernizing influence of the Nuffield 
Foundation and their development of new materials, appa- 
ratus and syllabi in the 1960s led to a market penetration 
of approximately 30%. Teachers then had more profes- 
sional independence to select what materials and courses 
they felt were appropriate for their students. 

However, attempts to introduce change under the um- 
brella of the National Curriculum — particularly when 
those changes were later shown to be based on fallacious 
models of science — have met with substantive resistance 
and modification such that the implemented curriculum is 
at best a pale shadow of its intended version. The 1991 
version of the English and Welsh science curriculum in- 
troduced a model of practical-based investigatory work 
that was unfamiliar and resented by teachers who failed to 
share or understand its intentions. The result was a long 
period of adaptation whilst teachers reworked the curricu- 
lum to put into practice work that was a distorted repre- 



sentation of the intentions of the national curriculum 
document. Many teachers were alienated or disaffected by 
the process (Donnelly et al., 1996). 

The lesson of these problems is one that was clear from 
previous research on educational change (Fullan, 1991; 
Joyce, 1990) but ignored. First, teachers must be dissat- 
isfied with the existing curriculum if the arguments for 
change are to be heard. Second, if change is to occur, 
teachers must be supported in developing new practices, 
new bodies of knowledge and new pedagogic methods. At 
the very least, that requires the rewriting of curriculum 
support materials, which should seek to provide exemplary 
illustrations of the ideas to be taught and suggestions for 
how it can be taught. More substantive support would 
require a programme of professional development 
delivered by individuals who are themselves competent 
and effective teachers, as well as have a good grasp of any 
new initiative. At the very best, there would be in-situ 
training provided for all teachers who required it. 

2. Assessment 

My second problem lies with the role of assessment within 
existing national and international frameworks. Over the 
past twenty years, political imperatives have led to the ne- 
cessity to measure the performance of the education sys- 
tem. The consequence has been the rise of national 
systems of assessment based on testing at certain key 
ages — in the United Kingdom these are age 7, 1 1 and 14. 
A different terminal examination is also held at age 16 and 
the new systems being introduced will ensure that there 
are examinations at age 17 and 18 as well. Internationally, 
we have also seen the rise of comparative assessment be- 
tween countries used as a measure of the overall quality of 
education (Beaton et al., 1996). As a consequence, assess- 
ment has acquired an importance beyond merely provid- 
ing some kind of reliable and valid measure of a child’s 
knowledge and understanding. 

Rather the emphasis has shifted to it becoming a meas- 
ure of the individual teacher’s capabilities; then, when 
summed across the school, a measure of the quality of the 
education provided by the school; and then when summed 
across the country, a measure of the effectiveness of the 
quality of the education system as a whole. Whether it 
ever achieves the latter has been the subject of a recent cri- 
tique by Gibbs & Fox (1999) who argue that the spread of 
scores is minimal and within normal variation of each 
other. Thus rather than assessment serving as a tool to 
benefit the child, providing either a formative or summa- 
tive judgement of his or her capabilities, it has become a 
servant of a bureaucratic mentality that seeks to monitor 
the performance of the system. Whilst it could be argued 
that these two aims are not incommensurable, the reality 
is different. 

For example, most science teachers agree that practi- 
cal skills are an important part of the content of a science 
curriculum. An assessment of ‘science’, therefore, ought 
to assess practical skills as well as more traditional forms 
of scientific knowledge and capability. However, testing 
practical skills is expensive, and those concerned with the 
efficiency of the assessments point out that the results of 
the practical and written tests correlate very highly, so 
there is no need to carry on with expensive practical test- 
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ing. The same sorts of arguments have dominated the de- 
bate in the United States between multiple-choice and 
constructed-response tests. What then happens is the prac- 
tical aspects of science are dropped from the assessment. 

The consequence of this, for the domain of school sci- 
ence, is to send the message that practical science is not as 
important as its written aspects. The social consequence is 
that teachers, understandably anxious to get their students 
the best possible results in the assessment because of its 
influence over the students’ future career prospects, place 
less emphasis on the practical aspects of science. Because 
teachers are no longer teaching practical science hand-in- 
hand with other aspects of science, the correlation be- 
tween students’ performance in practical aspects of sci- 
ence and the written aspects weakens, so that it is no 
longer possible to tell anything about a student’s practical 
competence from the score on the science assessment. 

Similar problems have beset attempts to provide per- 
formance indicators in the Health Service, in the priva- 
tized railway companies and a host of other public 
services. A variety of indicators is selected for their ability 
to represent the quality of the service, but when used as 
the sole index of quality, the manipulability of these indi- 
cators destroys the relationship between the indicator and 
the indicated. By directing attention more and more onto 
particular indicators of performance they had managed to 
increase the scores on the indicator, but the score on the 
indicated was relatively unaffected. 

The lesson of history then is that in seeking to make 
the important measurable, only the measurable has be- 
come important. The second problem is that within school 
science, assessment items are commonly devised by those 
that have been, or still are, practising science teachers. 
Just as it is often said that you teach only that that you can 
teach, so assessment is often based on the normative val- 
ues of what it is considered possible to assess. Hence the 
assessment of students’ understanding of the processes of 
science, or its social practices, are not considered because 
there is not an established body of knowledge of how to 
assess such items. At worst, assessment experts will sim- 
ply assert that it is too difficult, time-consuming or expen- 
sive to assess such understandings and at best, that they do 
not know how to do so. Thus within such a context gener- 
ated by the importance of measuring performance of stu- 
dents, teachers and schools, the clear message to teachers 
is that the lack of any assessment of a given topic implies 
that it is an extraneous item of the intended curriculum 
and of no significance. 

Two messages emerge for science curriculum and pol- 
icy-makers from these experiences. First, if a topic is suf- 
ficiently important to include in the curriculum, then it is 
sufficiently important to assess. And if there is currently a 
lack of experience about how to undertake such assess- 
ment, then it is important to develop items that assess stu- 
dents’ comprehension of the full range of knowledge and 
performance required by the intended curriculum. 

3 . Challenging existing stakeholders 

Those with the largest stake in the existing practice are the 
universities who see the school system as a provider of 
raw, novitiate students for training as future scientists. 
From their perspective, school science education should 



be an intensive education in the foundational concepts and 
ideas of science. Any attempt to weaken this aim has his- 
torically led to strong resistance with, in some cases, uni- 
versities refusing to admit students who had alternative 
qualifications or to define which qualifications would be 
acceptable to them. Such a strong message severely cur- 
tails the boundaries of change that are possible and so far 
has been a major obstacle. Change in the school science 
curriculum will only happen when either school science is 
decoupled from academic science in universities, or at the 
very least when the interdependence of the two is weak- 
ened. The argument for change is twofold, having both a 
moral dimension and an argument based in science’s own 
self-interest. 

First, for the overwhelming majority of students, 
school science is an end in itself. Yet to base the curricu- 
lum solely on the needs of those who will continue with a 
further education in science has no justification unless one 
believes that the education of a Platonic elite will serve the 
greater good. Secondly, there is a considerable body of 
evidence that a school science education which gives pre- 
eminence to the foundational concept of science — the 
‘facts’ of science — leaves many pupils disinterested if 
not alienated from science (Osborne & Collins, 2000; 
Osborne, Driver & Simon, 1996). In an age when we are 
all dependent on expertise, the public’s relationship with 
any professional body is dependent on a relationship 
based on trust. 

Undermining that relationship by offering such an ed- 
ucation means that the practice of science, and its future 
funding, may not be secure. Developing a relationship of 
trust is thus dependent not on developing a knowledge of 
its content (which is rapidly forgotten on leaving school) 
but on opening the black box that is science so that the stu- 
dents can understand what it is to do science, how it regu- 
lates itself and why it is to be trusted — that is on altering 
the balance of the curriculum away from its content to- 
wards a more significant emphasis on its practice. Such an 
education would benefit not only the future member of the 
lay public, but also the future scientist. For those who 
have the traditional academic interest in science, more 
academic options should be available as well. Such a 
change would inevitably mean that universities would 
have to respond by undertaking more of the education in 
the foundational concepts. 

IV. ATTEMPTS AT INNOVATION 

Current attempts at innovation are rooted in a gradualist 
approach. The fourth version of the national curriculum 
has just been published for implementation from Septem- 
ber 2000. This gives greater emphasis to teaching some of 
the ‘ideas about science’ discussed in Beyond 2000. The 
United Kingdom has benefited from the rise of the ‘Sci- 
ence Centre movement’ with innovative children’s galler- 
ies at the Science Museum, the Natural History Museum 
and several other museums during the past fifteen years. 
Millennium funding has led to the development of many 
more of these science centres that are enjoyed by most 
children who visit. However, their use is predominantly 
with children of age 1 1 and under; their aim is to provide 
an affective experience rather than a cognitive one; criti- 
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cisms have been voiced that they provide ‘info-tainmenf ; 
and evidence would suggest that they are not yet effective- 
ly used by science teachers to develop children’s under- 
standing of science. 

Private firms sponsor the production of many materi- 
als for use by science teachers. However, research sug- 
gests that these are only used ‘occasionally’ and that there 
is poor market research by the companies as to what is 
needed by the schools. Many of these materials languish 
on shelves. 

The major development in United Kingdom science 
teaching has been the Cognitive Acceleration in Science 
Education project (CASE), which aims to develop chil- 
dren’s thinking skills in science over a two-year period 
from age 11 to 13. Results from this work have shown that 
significant gains in children’s performance can be 
achieved, in comparison to control groups, by children in 
their terminal examinations at age 16 in science, English 
and maths. The central government is now conducting 
pilot trials with these and other materials in 150 schools. 

V. CONCLUSIONS 

Some may well resist such change but the question must 
be asked whether the status quo is acceptable for the edu- 
cation of the future citizen in science in the twenty-first 
century? In an era where scientific issues such as genetic 
modification of foods, global warming and others contin- 
ually surface as the political and moral dilemmas con- 
fronting society, the disengagement or disenchantment of 
our youth with science may increase the separation that 
currently exists between science and society. Such a con- 
sequence is one that an advanced industrial society can ill 
afford to pay, both at the individual level where it might 
lead to the rejection of sound scientific advice, or at the 
societal level where limitations may be imposed on scien- 
tific research that could have potentially beneficial out- 
comes for humanity. Perhaps, more tragic, will be the 
simple rejection of a body of knowledge that must, on any 
account, represent one of the greatest cultural achieve- 
ments of modem societies. As a society we must ask, is 
this a price we can afford? 
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PART II: 

CURRENT TRENDS AND 
MAIN CONCERNS AS REGARDS 
SCIENCE CURRICULUM DEVELOPMENT 
AND IMPLEMENTATION 
IN SELECTED STATES IN ASIA 



China 1 



Estimated population (1996) 


1,232,083,0000 


Public expenditure on educa- 


2.3 


tion as a percentage of gross 




national product (1996) 




Duration of compulsory 


9 ( 2 ) 


education (years) 




Primary or basic education 




Pupils enrolled (1997) 


139,954,000 


Teachers (1997) 


5,794,000 


Pupil/teacher ratio (1997) 


24:1 


Gross enrolment ratio (1997) 




— Total 


123 


— Male 


122 


— Female 


123 


Estimated percentage of repeat- 


1 


ers (1995) 




School-age population out of 


— 


school 




Secondary education 




Students enrolled (1997) 


71,883,000 


Gross enrolment ratio (1997) 




— Total 


70 


— Male 


74 


— Female 


66 


Third-level enrolment ratio 


6 


(1997) 




Estimated adult literacy rate 




(2000) 




— Total 


85 

no 


— Male 


92 

"7 "7 


— Female 


77 


Note: in each case the figure given is the last year avail- 


able. 




Sources : All data taken from UNESCO statistical year- 


book, 1999, Paris, UNESCO, 1999, with the exception 


of (1) Population Division, Department for Economic 


and Social Information and Policy Analysis of the 


United Nations and (2) World data on education , Paris, 


UNESCO, 2000. 





I. BACKGROUND 

Following the upheavals unleashed by the Maoist revolu- 
tion, China sought to bring about radical changes in its ed- 
ucation system in tune with the new realities. In the early 
1950s, China adopted the secondary science curriculum 
from the former USSR, its ideological fellow traveller. 
Down the years, the curriculum was continually adapted 
in accordance with local needs and priorities, gradually 
consolidating its roots in the Chinese soil as the first na- 
tional science curriculum. A developing country in socio- 
political ferment, China’s educational and economic con- 
ditions at that time, was poor. In such a situation, the uni- 
fied national curriculum played a crucial role in 
developing teaching materials, improving the quality of 
both teaching and teachers’ training. Consequently, sci- 
ence education took rapid strides through the fifties. Due 
to historical reasons, the pace slowed considerably over 
the next thirty years. Barring minor changes in its philos- 
ophy and framework, the unified national curriculum for- 
mulated in the fifties continues its reign largely 
unchanged. 

The rapid development of science and technology cou- 
pled with substantial socio-economic growth now poses 
unprecedented challenges to China’s basic education sys- 
tem. Such development ordains that basic education de- 
fine its contents more sharply with regard to environment, 
information and peace education. Tradition bound ap- 
proaches seem to be inadequate to communicate the new 
education content to the students. Efforts are underway to 
enhance both content as well as the delivery system to fa- 
cilitate modem concerns to find their rightful place among 
subjects still defined by tradition. Also, the establishment 
of the concept of ‘lifelong learning’ has had a dramatic 
impact on the aims and objectives of school education. 
Given the circumstances, there is a felt need to reform the 
system and design of the curriculum, and it’s instructional 
methods. The choices ahead are aplenty: 

• Should we stick to the traditional models of subject di- 
vision? Or should we abstract new information and 
content based on what is needed for the progress of 
science, society, and the holistic development of stu- 
dents? The new educational content should reflect the 
principles of balance, comprehensiveness and selec- 
tivity. 

• Should schools continue to wield total control over 
learning content and learning styles, disregarding the 
strong influence of both educational content and per- 
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sonalised learning styles outside school, or should we 
advocate the integration of formal and non-formal ed- 
ucation? 

• Should we continue to use academic prowess as the 
sole indicator in student assessment? Disregarding any 
other latent ability or potential that a student may pos- 
sess adversely affects his or her academic perform- 
ance, eroding self-esteem and self-confidence. Should 
we perhaps learn to recognise the existence of multiple 
intelligence, and take steps to motivate students to re- 
alise their true potential? 

The National Education Conference in 1999 decided to in- 
tensify educational reform and vigorously promote quali- 
ty-oriented education. The concept of ‘quality-oriented 
education’ aims to optimize the potential of the students, 
individually and collectively, by providing comprehen- 
sive education for societal development. 

II. THE MAIN PROBLEMS 

IN THE CHINESE SCIENCE CURRICULUM 

Some of the problems presently plaguing the Chinese sci- 
ence curriculum are: 

• The curriculum is subject-centred and knowledge- 
centred; 

• The emphasis is on science, rather than technology; 

• There is undue stress on acquiring knowledge, while 
the development of student ability to apply scientific 
skills and knowledge to problem solving remains ne- 
glected; 

• The separation of science into major disciplines im- 
pedes comprehension of the inter-connectedness 
among physics, biology, chemistry and the earth sci- 
ences; 

• Recitation of science prevails over ‘science as in- 
quiry’; 

• Teachers fail to inculcate scientific attitudes, values, 
processing skills and higher-order thinking skills in 
their students. 

III. OBJECTIVES OF THE CURRICULUM REFORM 
CURRENTLY UNDERWAY 

The reform is based on the twin convictions that every stu- 
dent should be scientifically literate and that each can do 
justice to the study of science. Considering the problems 
outlined in Sec. II, the specific objectives of the curricu- 
lum reform that is presently underway have been formu- 
lated as follows: 

1. To reform the tendency to set curriculum objectives 
that overemphasize knowledge transmission. The 
stress should be on character building and the produc- 
tion of physically and emotionally healthy citizens. 
The desire, appetite and ability for ‘lifelong learning’ 
among the student community also needs to be culti- 
vated; 

2. To reform the tendency to structure curricula that are 
crammed with many subjects having little or no inte- 
gration; or that overly emphasise the independence of 
individual disciplines. Efforts are being made to en- 
force qualities of comprehensiveness, balance and se- 
lectivity while structuring curricula; 



3. To reform the tendency of curriculum content that 
overemphasizes the rigidity of individual disciplines 
and classical knowledge. The reform focuses on im- 
proving the relevance of curriculum content to modern 
society and to promote the development of science and 
technology. 

4. To reform the tendency to neglect non-formal educa- 
tion, by integrating formal education with non-formal 
education in form and content; 

5. To reform the tendency to overemphasize receptive 
learning, mechanical memory and passive imitation in 
the teaching process. A variety of other learning activ- 
ities such as active participation, exchange and co-op- 
eration, exploration and discovery, will be advocated 
to enable the students to become independent learners; 

6. To reform the tendency to formulate textbooks that 
appear unrelated to the students’ lives and that fail to 
meet the specific needs of schools and students in 
different areas. Students should understand the inter- 
relatedness between science, technology and society. 
The variety and number of textbooks will be improved 
and schools will gradually be allowed to select their 
own textbooks; 

7. To reform the tendency that overemphasizes knowl- 
edge/memory in curriculum assessment. Learning sci- 
ence should be a hands-on experience, where the 
student actively deploys his scientific knowledge. A 
new assessment system characterised by multiple as- 
sessment indicators and multiple ways of assessment, 
which takes both outcome and process into account, is 
being established; 

8. To reform the centralised system of curriculum man- 
agement by establishing national, local and school lev- 
el curriculum management policies that will ensure the 
overall quality of basic education, and improve its 
adaptability. 

IV. REFORM OF CURRICULUM STRUCTURE 

1. Principles 

• The new curriculum structure of basic education 
should contain a comprehensive, balanced, and selec- 
tive curriculum; 

• The organization of curriculum content should reflect 
comprehensiveness, progressively achieving the shift 
from subjects to areas of study, and from subject divi- 
sion to subject integration; 

• The curriculum structure should be so designed as to 
follow the general laws of physical and mental devel- 
opment; and reflect the current growth of society, sci- 
ence and technology. Curriculum structure should also 
be balanced in terms of the range of subjects offered 
and the time allocated for each; 

• Curriculum structure should be sensitive to regional 
differences, the characteristics of the various schools, 
and especially, the individuality of each student. 

2. Structure 

The significant aspects of the new structure are briefly de- 
scribed below: 

• To take the nine years as a whole while formulating 
the curriculum for the compulsory education stage. 
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and to build a curriculum structure that integrates indi- 
vidual disciplines and comprehensive subjects; 

• To update educational content on the basis of the over- 
all advances of science and technology and according 
to our conceptions of nature and society; 

• To reduce the number of subjects and give more time 
and space for self-study and practice; 

• To reform and restructure the disciplines; to enforce 
the comprehensiveness of educational content; to 
weaken the demarcation of subject boundaries and to 
strengthen their interrelatedness and their relevance to 
daily life; 

• To strengthen the relevance of the curriculum to soci- 
ety, science, technology, and students’ development in 
order to encourage creativity and practical ability. 
‘Comprehensive practice activities’ will be estab- 
lished as compulsory courses from primary to upper 
secondary school. The content of such courses will in- 
clude research study, community service, labour skills 
education and other socially relevant activities. This is 
intended to develop the student’ ability to solve prac- 
tical problems. 

The primary school curricula will chiefly consist of 
comprehensive courses. The first two grades will impart 
ideological and moral education and comprehensive 
practice activity, tQgether with Chinese, mathematics, 
sports, health and art. From grade III to grade VI, there 
will be moral education, comprehensive practice activity, 
Chinese, mathematics, society, science, sports and health, 
and art. 

Based on the competence of the teachers available, 
lower secondary schools can mostly choose traditional 
courses, including ideological and political sciences, 
Chinese, mathematics, foreign languages, history, geogra- 
phy, chemistry, biology, sports and health, arts, and com- 
prehensive practice activity. They can also choose mostly 
comprehensive courses, including ideological and politi- 
cal sciences, Chinese, mathematics, foreign languages, 
comprehensive humanities, comprehensive science, 
sports and health, arts, and comprehensive practice activ- 
ity. Or they can integrate disciplined and comprehensive 
courses. 

Higher secondary schools will mostly offer traditional 
courses. The general higher secondary schools should of- 
fer multiple courses. There should be different levels of 
course content and course requirement. Efforts will be 
made to create conditions for setting up courses that offer 
skills training. In addition to offering compulsory courses, 
higher secondary schools should set up various kinds of 
optional courses in accordance with the individual needs 
of the students and the development needs of the local 
community. 

V. PRIORITY AREAS 
During basic education: 

• Moral education, environmental and ecological ethics 
education should be strengthened; efforts should be 
made to promote and develop information education, 
science and technology education should receive 
greater attention, comprehensive practice activity 
should be established; 



• The development of moral behaviour and values 
should be reinforced, and a sense of responsibility for 
the nation, society and family should be strongly nur- 
tured. 

• Environmental and ecological education should be in- 
fused into every course and into other non-formal 
methods of education, and it should become a logical 
and integral part of the new educational content; 

• Information courses should be established to develop 
student interest in information technology. Students 
should understand and master the fundamental knowl- 
edge and skills of information technology. Their abil- 
ity to use this information in their own education 
should be improved. Information technology course 
will be offered at lower secondary schools by 2005; 

• Science and technology education should receive due 
importance and student competence in these subjects 
should be enhanced in all primary and secondary 
schools. Special attention should be paid to teaching 
students scientific methods, the scientific approach 
and scientific values, as well enabling them to acquire 
general skills, vocational awareness and a pioneering 
spirit. The aim is to make science and technology a 
powerful instrument for improving the quality of life, 
overcoming superstition and enable citizens to active- 
ly participate in decision-making pertaining to social 
and scientific affairs; 

• Comprehensive practice activities such as research 
study, community service and social practice activi- 
ties, will aim to improve learning styles, enrich the 
learning experience and strengthen the close links be- 
tween schools and community life. 

VI. SIX DOMAINS IN SCIENCE LEARNING 

The new curriculum will encourage students to learn sci- 
ence in six domains: 

• Knowledge domain: mastering important facts, major 
concepts and principles of science; 

• Science laboratories and operational skills domain: 
operational skills, the skills of working with apparatus 
and instruments; 

• Scientific process skills domain : observation, meas- 
urement, grouping, questioning, hypothesis formula- 
tion, experimenting, and so on; 

• Application domain: ability to use concepts and skills 
in new situations; 

• Creative domain : quality and quantity of questions, 
explanations and new ideas; 

• Attitude domain: positive feelings towards science and 
its study. 

VII. REFORM OF THE TEACHING PROCESS AND 
ASSESSMENT 

1. The teaching process should thoroughly reflect the 
continuous development of teachers and students. The 
thrust of achieving curriculum objectives and strengthen- 
ing curriculum reform is to optimise the teaching process 
based on the concept of quality -oriented education. 

• Teachers are the organizers and guides of the teaching 
process. Teachers should cater to all students, get to 
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know their individual needs and their potential for de- 
velopment, and conduct their instruction accordingly, 
in as creative a way as possible. In designing teaching 
objectives, selecting curriculum resources, and organ- 
izing teaching activities, teachers should always aim at 
quality-oriented education. Teachers should learn, ex- 
plore and utilise various kinds of instruction organiza- 
tion and teaching methods: inquiry learning, co- 
operative learning, problem-solving in daily life, role 
playing, simulation, collecting information, concept 
mapping, constructivist and STS; 

• Student development is both the starting point and the 
end of teaching activity. Learning should be the basic 
way to develop student intelligence and build charac- 
ter. In a complete learning process, while students 
should attain the necessary fundamental knowledge 
and basic abilities, they should also develop emotional 
strength, healthy attitudes, and sound values. Students 
should become skilled at using different ways of learn- 
ing for different learning content, and make learning 
become an active and personalised process; 

• Teaching materials are important media of the teach- 
ing content. Textbooks should expand both teacher 
and student development and inquiry-based teaching 
materials should be prepared with this goal in mind. 
They should help guide exploration and discovery, 
broaden students’ perspectives, and enrich their learn- 
ing experience. In the teaching process, teachers 
should use the textbooks in a flexible and creative way 
and fully utilise various curriculum resources from 
both within and outside school; 

• Improving communication and information exchange 
between teachers and students is a key element in the 
teaching process. Teachers should advocate democra- 
cy in teaching, establish an equal and co-operative 
teacher/student relationship, create a desirable climate 
for learning and student co-operation, and thus create 
favourable conditions for the all-round development 
and healthy growth of the education community. 

2. Curriculum assessment acts as a quality control meas- 
ure in the curriculum system. Through curriculum reform, 
we should try to establish an assessment system that pro- 
motes the all-round development of the students, encour- 
ages teacher enterprise and continuously perfects the 
curriculum: 

• A special assessment system has been designed to pro- 
mote student development. Assessment should not 
only concern itself with student progress in language 
and mathematics logic, it should also find and develop 
hidden talents in the students by establishing new as- 
sessment indicators and reforming assessment meth- 
ods. Assessment should fully understand students’ 
developmental needs, be sensitive to their individual 
needs, help them establish self-confidence, and pro- 
mote individual student development. A variety of as- 
sessment methods should be used in consequence: the 
paper test, acquiring of information, laboratory work, 
essay writing, teacher interviews, systematic observa- 
tion of student performance, and student projects; 

• The teacher assessment system emphasises self- 
analysis and improvement of teaching behaviour. An 
assessment system will be established, in which all 



principals, teachers, students, and parents will partic- 
ipate, which will be mainly dependent on teachers’ self- 
assessment. In this way, teachers can get information 
for improving their teaching behaviour from various 
sources, and continuously improve their teaching; 

• A curriculum development assessment system will 
regularly analyse and evaluate the performance of 
school curriculum programs and the problems in cur- 
riculum implementation; revise the curriculum con- 
tent, improve teaching management, and establish a 
mechanism for continued curriculum innovation. 

VIII. REFORM OF THE CURRICULUM 
MANAGEMENT SYSTEM 

In order to measure and promote curriculum adaptability 
for different regions, schools and students, we will reform 
the current management model, which is heavily central- 
ized, and establish a three-level curriculum management 
system at national, local and school levels. The responsi- 
bility at each level will be clearly defined: 

• Responsibilities of the Ministry of Education: To de- 
fine the nature of basic education and its basic tasks, 
and stipulate types of curriculum and ratio; to formu- 
late and issue national curriculum standards; to study 
and formulate the assessment system of basic educa- 
tion curriculum; to formulate policies of curriculum 
management and development; 

• Responsibilities of the provincial authorities : to for- 
mulate plans to implement the national curriculum at 
different educational stages for their respective prov- 
inces (autonomous regions and municipalities) in ac- 
cordance with the requirement of national curriculum 
programs and the practical local needs. On the basis of 
national curriculum implementation and relevant reg- 
ulations issued by the Ministry of Education; to plan, 
to establish and to develop local curricula according to 
the time allocated for the same, to formulate guide- 
lines for schools to implement local curricula; 

• Responsibilities at the school level: based on the im- 
plementation of national and local curricula, schools 
should be involved in the planning of specific pro- 
grams to implement the school curriculum in the local 
community; meanwhile, on the basis of their tradition 
and strength, and student interest and needs, schools 
can develop and select courses suitable to their needs. 
Schools have the right and the responsibility to report 

on problems in implementing the national and local cur- 
ricula, and establish the internal school curriculum assess- 
ment system to ensure that curriculum implementation at 
schools is consistent with the objectives of national and 
local curricula. 

This policy of multi-level curriculum management is 
designed to improve the suitability of curricula for differ- 
ent regions, schools and students. 

Curriculum reform is a systematic but complicated 
programme. Gone forever are the times when curriculum 
reform was limited to a single aspect, mainly the over- 
hauling of textbooks. People are increasingly aware of the 
important relationship in which various elements relevant 
with curriculum reform interact with and restrict each oth- 
er. Teacher training is one of the cornerstones of success- 
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ful curriculum reform. China is implementing the 
‘Continuous Education Project’, which plans to systemat- 
ically train its entire teacher population. This will have a 
profound effect upon their thinking, impart new teaching 
skills, and re-identify their roles. 

Basic education curriculum reform should stress that 
basic education is intended to lay the foundation for life- 
long development. Sustainable and effective self-study 
should be a lifelong process, and students should be able 
to adopt appropriate ways to solve any problems they en- 
counter in their lives and be able to demonstrate their 



unique wisdom in various ways. Curriculum reform, 
therefore, must surmount the shortsighted goal of achiev- 
ing mastery over specific subjects and must instead seek 
the goal of achieving the holistic development of the stu- 
dents. 

Note 

1 . This document is the result of the amalgamation by the IBE Secretariat 
of two contributions made in Beijing: the first one by Zhu Muju, 
Deputy Director-General, Department of Basic Education, Ministry of 
Education, and the second one by Liu Enshan, Beijing Normal Uni- 
versity. 
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Estimated population (1996) 


944,580,0000 


Public expenditure on education as a 
percentage of gross national product 
(1996) 


3.2 


Duration of compulsory education 
(years) 


g(2) 


Primary or basic education 




Pupils enrolled (1996) 


1 10,390,406 


Teachers (1996) 


1,789,733 


Pupil/teacher ratio 


47:10 


Gross enrolment ratio (1996) 
— Total 


100 


— Male 


109 


— Female 


90 


Estimated percentage of repeaters 
(1994) 


4 


School-age population out of school 
(1995) 


28,564,0000 


Secondary education 




Students enrolled (1996) 


68,872,393 


Gross enrolment ratio (1996) 
— Total 


49 


— Male 


59 


— Female 


39 


Third-level enrolment ratio 
(1996) 


7 


Estimated adult literacy rate (2000) 
— Total 


56 


— Male 


69 


— Female 


42 



/Vote/ineachcasethefiguregivenisthelastyearavailable. 
Sources : All data taken from UNESCO statistical year- 
book, 1999 , Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations; (2) World data on education , Paris, 
UNESCO, 2000; (3) World education report 2000 , 
Paris, UNESCO, 2000; and (4) International Consulta- 
tive Forum on Education for All, Paris, January 1996. 



I. INTRODUCTION 
1. General framework 

Indian schools follow an education system that has its 
genesis in the recommendations of an Education Commis- 
sion appointed by the government in the year 1964. The 
first ten years of schooling are devoted to eight years of el- 
ementary education comprising five years of primary and 
three years of upper primary education, followed by two 
years of secondary education. The students then undergo 
two years of higher secondary education to complete 
school. This format is popularly referred to as the ‘10+2 
pattern’ of education. 

The Indian Parliament adopted the recommendations 
of the Education Commission as its National Policy on 
Education (NPE) in the year 1968. The highlight of the 
recommendations was that science and mathematics were, 
for the first time, made subjects for compulsory study for 
all pupils as part of general education during the first ten 
years of schooling. In this context, the Commission went 
on to recommend that: 

• In the lower primary classes, science teaching should 
be related to the child’s environment. The Roman al- 
phabet should be taught in Class IV to facilitate under- 
standing of internationally accepted symbols of 
scientific measurement and the use of maps, charts and 
statistical tables. 

• At the higher primary stage, emphasis should be on the 
acquisition of knowledge and the ability to think logi- 
cally to draw conclusions and to make decisions at a 
higher level. A disciplinary approach to the teaching of 
science will be more effective than the general science 
approach. 

• A science comer in lower primary schools and a labo- 
ratory-cum-lecture room in higher primary schools are 
minimum essential requirements. 

• At the lower secondary stage, science, taught in terms 
of disciplines like chemistry and biology, would help 
students to grasp the distinct pursuits possible within 
the broader spectrum comprising ‘science’. Such an 
approach would pay long-term dividends in this age of 
super-specialities. Experimental approach to the learn- 
ing of science should, moreover, be stressed. 

• Science courses at an advanced level may be provided 
for talented students in selected lower secondary schools 
along with the necessary facilities of staff and laboratory. 

• Science teaching should be linked to agriculture in ru- 
ral areas and to technology in urban areas. But the lev- 
els of attainment and avenues to higher education 
should be the same in both types of schools. 
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A national curriculum framework was designed in 1975 to 
translate the avowed policy into action. It was suggested 
that, at the secondary stage, the science syllabus could be 
bifurcated under the titles Physical science , covering 
physics and chemistry, and the Life sciences , covering 
botany, zoology and human physiology. An alternative 
was to offer science as a single integrated subject where 
concepts are developed as units without violating the pa- 
rameters of the various disciplines. At the senior second- 
ary stage, however, science could be offered as 
‘discipline-wise’ courses in the academic stream. 

The new curriculum elicited the criticism that the con- 
tent of the science and mathematics courses prescribed for 
Classes IX and X were inordinately taxing on the students. 
In June 1977, a Review Committee under the chairman- 
ship of Ishwarbhai J. Patel was appointed to examine the 
syllabus and textbooks recommended by the National 
Council of Educational Research and Training (NCERT). 
The Committee suggested the restructuring of the scientif- 
ic concepts taught in Classes IX and X. The members also 
proposed that students be given the option of choosing 
from two equivalent courses in the secondary stage. The 
first alternative was to offer the study of science as a sin- 
gle subject encompassing its various disciplines, while the 
second alternative was to offer a discipline-wise science 
course consisting of biology, chemistry, and physics, etc. 

Schools affi hated to the Central Board of Secondary Ed- 
ucation (CBSE) gave their students an opportunity to pick 
a course of their choice from these alternatives. The au- 
thorities, however, soon realized that the two courses were 
notbeing perceived as constituting achoicebetween equally 
rewarding options. It was observed that students who had 
opted to take the ‘discipline-wise’ science course received 
preferential treatment while securing admission to the high- 
er secondary stage. Thus the spirit underlying the Review 
Committee’s recommendations was practically under- 
mined. The CBSE schools therefore abandoned these ini- 
tiatives and returned to ‘discipline-wise’ study of science 
at the secondary stage, as was the practice in all other 
schools. 

2. National Policy on Education 1986 

A new educational policy was developed in 1986, nearly 
eighteen years after the NPE was formulated and imple- 
mented. Fresh assessment was necessitated by widespread 
belief that the system in prevalence neither met the needs 
nor fulfilled the aspirations of the people. The 1986 policy 
reposed faith in the conviction of its predecessors that sci- 
ence and mathematics should continue as compulsory 
subjects in the first ten years of school education. Indeed, 
the teaching of science needed to be further perfected as 
virtually all aspects of growth and development in the 
modern era had their basis in scientific knowledge and as 
such, societies needed citizens literate in science and tech- 
nology at various levels to ensure overall progress. 
Towards this end, the policy further enunciates: 

• Science and mathematics will remain as core subjects 
in the first ten years of school education. 

• In order to develop scientific temper and to attain other 
goals, it is necessary to define the objectives to be ful- 
filled through science education. 



• Involvement of community, non-government and vol- 
untary agencies are required to pool resources by es- 
tablishing networks among different institutions. 
Efforts should be made to generate manpower at the 
grassroots level to spearhead the implementation of 
the ideas stated in NPE. 

• Programmes with exclusive focus need to be evolved 
for the educationally backward schools and states in 
the country. They need to be designed to eliminate dis- 
parities and attain equal status for women. Education 
of scheduled castes, tribes and other educationally 
challenged sections of society, besides rural, remote 
and neglected regions of the country require innova- 
tive and culture specific approaches. The challenges 
are manifold and need to be addressed with a certain 
degree of sensitivity and with the sense of immediacy 
they merit. 

• To attain universal enrolment and to pre-empt drop- 
outs, improvement in both the environment as well as 
the quality of education imparted are to be treated as a 
quintessential ongoing process. The learning process, 
being neither uniform nor mechanical, allowances 
need be made for individual students who may differ 
from the majority. Teaching and learning of science 
should be so designed as to respect the basic rights of 
each and every student. Science education at the ele- 
mentary level should not overwhelm children with 
loads of information but should instead aim to open 
their hearts and minds to the joy of learning. 

• Science education will be extended to the vast num- 
bers who have remained outside the reach of formal 
education. This is to be borne in mind while planning 
for non-formal systems. 

• Science and mathematics curricula for the secondary 
level should help inspire conscious internalization of a 
healthy work ethos. This will provide valuable man- 
power fuelling economic growth even while moulding 
ideal citizens who can adapt effortlessly to a society 
based on science and technology. 

• Science curriculum for general education will be im- 
plemented in pace-setting schools with sufficient 
scope for innovation and experimentation. 

• Science up to Class X should be treated as a combined 
subject. The laws and principles of science, operating 
in the environment, should be used for creating desired 
teaching/learning situations. The learning and teach- 
ing of science should be so prioritized as to lay greater 
emphasis on an activity-oriented methodology. 

II. AIMS OF TEACHING SCIENCE 

The general aim of science education is to help develop 
well-defined abilities in cognitive and affective domains, 
besides enhancing psychomotor skills. It helps to foster an 
uninhibited spirit of inquiry, characterized by creative, in- 
novative and objective approaches. Educational pro- 
grammes are designed to help unravel the mysteries of the 
inter-relationship between science and day-to-day life, 
health, agriculture, industry, and indeed, the individual 
and the universe. Scientific wisdom, knowledge and skills 
are ammunitions that instil confidence and inspire the in- 
dividuals to challenge existing beliefs, prejudices and 
practices. They work as a liberating force and serve as a 
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reliable tool in one’s search for truth, harmony and order 
in different aspects of life. 

In Classes I and II Environmental studies is wholly de- 
voted to the fundamentals of science. In Classes III to V 
however, Environmental studies branches into two sec- 
tions: one dealing with science and the other with history 
and geography that are taught together under the title So- 
cial studies. The objectives of teaching science at the pri- 
mary stage are: 

• To learn about flora and fauna, natural resources, the 
sources of energy and so on, through interaction with 
the immediate environment; 

• To sharpen observation, inculcate the spirit of explora- 
tion; and 

• To develop concern, sensitivity and the ability neces- 
sary for the preservation and protection of physical 
and natural resources. 

At the upper primary stage, namely Classes VI to VIII, the 
student is expected to consolidate and strengthen the abil- 
ities acquired during the primary stage. The objective is to 
develop an understanding of the nature of scientific 
knowledge; certain physical, chemical and biological 
facts and their relationship to their manifestation in nature 
and in daily life. 

The student should be enabled to develop the capacity 
to use science to help solve problems and arrive at the 
right decisions. Pupils are also expected to develop the 
skills required to operate ordinary laboratory /science 
equipment, and to design simple experiments to seek and 
find explanations for natural phenomena. At this stage, 
science education should help the pupil develop an under- 
standing and appreciation of the joint enterprise of science 
and technology and the inter-relationship of these with 
other aspects of society. 

School education comes to a close with the secondary 
stage comprising Classes IX and X. The aim of teaching 
science at this stage is primarily directed towards the 
learning of key concepts that span all disciplines of sci- 
ence. At the secondary stage, the pupil should be enabled 
to develop a more profound understanding of the basic na- 
ture, structure, principles, processes and methodology of 
science, with special reference to its relationship with ag- 
riculture, industry and contemporary technology. The 
teaching of science at this stage should help pupils devel- 
op insights in health and environment. Greater emphasis 
needs to be placed on precision and accuracy while han- 
dling laboratory equipment and while engaged in proce- 
dures such as quantitative measurement, collection, 
presentation, analysis of data, and drawing inferences. 

III. CONTENT OUTLINE 

At the primary stage science is taught under the umbrella 
of Environmental studies. The contents are thematically 
organized into chapters titled: Things around plants; Ani- 
mals and us; Our body and Food , health and weather. The 
syllabus concludes with a chapter titled: Man , science and 
environment. 

Science education imparted to the students at the upper 
primary stage ought to form part of a smooth and seamless 
transition from the ‘environmental studies approach’ to a 
more formal study of science. With this as the guiding 



principle, efforts have made to formulate content and ap- 
proach. 

Accordingly, the organization of concepts in Class VI 
is somewhat similar to those of the lower primary. In Class 
VII and VIII, subject matter is dealt with at greater length. 
Themes like Science in everyday life; Things around us; 
Changes around us; Measurement; Separation of sub- 
stances; The living world; The living body; Air , water and 
energy; Balance of nature and The universe , make up the 
course material that engage the students at Class VI. This 
is followed in Class VII and VIII by more subject oriented 
themes such as Mechanics; Heat; Electricity; Magnetism; 
Carbon and its compounds; Metals and non-metals ; Life 
processes; Evolution , etc., Interdisciplinary topics like 
Health , Nutrition and Agriculture also constitute integral 
part of the subjects taught at this stage. 

Science, at the secondary stage, is introduced around 
ten themes, such as: Matter , nature and behaviour; Mo- 
tion; Force and energy; Ways of living; Human beings; 
World of work ; Energy ; Food and health; Environment; 
Natural resources and the universe. The time allotted for 
teaching science at primary, upper primary and secondary 
stage is 15%, 12% and 13% respectively of the total in- 
structional time. 

IV. MAIN PROBLEMS 

Some of the pressing problems facing India with regard to 
science education can be summarized as follows: 

• Curriculum load: There is substantial pressure ema- 
nating from parents and the general public alike who 
feel that the school curriculum is excessive and need- 
lessly taxing. It is widely believed the students are 
stressed out and this has in turn affected their normal 
all round development. The problem of curriculum 
load is a complex one and has its roots in many related 
issues. NCERT is presently revising the national cur- 
riculum framework in an effort to resolve this conten- 
tious issue. 

• Preparation of teachers: Pre-services preparation 
and in-service training of teachers are major problems 
experienced during implementation of the curriculum. 
Given the huge number of teachers and geographical 
character of the country, management of in-service 
programmers is an intimidating prospect. Efforts are 
being made to address the problem through direct in- 
tervention at the institutional level as well as through 
distant mode 1 (and through tele-conferencing). A col- 
laborative mechanism is being evolved by agencies 
like the National Council of Educational Research and 
Training (NCERT), National Council for Teacher Ed- 
ucation (NCTE), Indira Gandhi National Open Uni- 
versity (IGNOU), along with State Councils of 
Educational Research (SCERT) and District Institutes 
of Education and Training (DIET). 

• Methods of assessment: The attitude, approach, crite- 
ria and yardsticks adopted to assess and evaluate per- 
formances in the field of science are woefully 
inadequate. It in fact is emerging as a major stumbling 
block in efforts to improve the quality of the education 
system in India. Unfortunately, queries considered un- 
likely to rise at examinations are considered irrelevant 
and ignored by both staff and students. Methodologies 
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adopted to assess performances are hardly conducive 
to the development of problem-solving skills among 
the pupils. To make matters worse, instruction is main- 
ly assessment-driven in the country. Little or no signif- 
icance is attached to the assessment of practical work, 
resulting in utter neglect of practical work in school 
education. 

V. RECENT REFORMS 

The latest reforms implemented in India are listed below: 

• Improvement of science education in schools: To 
improve the quality of science education and to pro- 
mote scientific temper, a centrally sponsored scheme: 
‘Improvement of Science Education in Schools’ has 
been operational since 1987-88. Under the scheme 
100% assistance is provided to the states/union territo- 
ries (UTs) for provision of science kits to upper prima- 
ry schools, up gradation of science laboratories and 
library facilities in senior/secondary schools and train- 
ing of science teachers. The scheme also provides for 
assistance to voluntary organizations for undertaking 
innovative projects in the field of science education. 

• Environmental Orientation to School Education: A 
centrally sponsored scheme by this name was initiated 
in 1988-89. The scheme envisages grants to states and 
union territories for various activities including review 
and development of curricula of several disciplines at 
primary, upper primary and secondary levels. The ob- 
jective is increase awareness about environmental is- 
sues. Review of textbooks on ‘environmental studies’ 
at primary and upper primary levels are undertaken 
with a view to update and enhance their quality. Strat- 
egies for imparting environmental education at upper 
primary level are worked out. Teaching and learning 
materials are being developed. Efforts are underway to 
organize innovative activities with a view to enrich the 
work experience so the teaching staff. To achieve 
these objectives, the scheme also has plans to seek out 
voluntary agencies for help and assistance. 

• Computer literacy and studies in schools: The De- 
partment of Electronics, in collaboration with the Min- 
istry of Human Resource Development, initiated a 
pilot project, ‘Computer literacy and studies in 
schools’ (CLASS) from the school year 1984-85. The 
project was modified and converted into a centrally 
sponsored scheme from 1993-94. The aims of the 
projects are: 

• To provide pupils with an understanding of computers 
and their use; 

• To provide hands-on experiences; 

• To ‘demystify’ computers to young school goers; 

• To familiarize pupils with a range of computer appli- 
cations and with the computer’s potential as a control- 
ling and information processing tool. Meanwhile, the 
Information Technology Action Plan (1988), which 
makes significant provisions for integrating computers 
into the schooling process, has been adopted by the 
Government. As a consequence, the Ministry of Hu- 
man Resource Development has launched a new 
school-computing programme CLASS 2000 from 
March this year. CLASS 2000 has the following three 
components: 



- Computer literacy in 10,000 schools; 

- Computer-aided learning in 1,000 schools; 

- Computer-based education in 100 Smart Schools 
will become model centres for others. 

NCERT developed the Blue Print for Smart Schools upon 
which the concept of computer-based education would 
develop. NCERT is committed to providing all possible 
on-line and off-line support to the above venture. 

VI. INNOVATIVE USES 

OF NON-SCHOOL RESOURCES 

In order to promote and popularize science education, sev- 
eral out-of-school activities (using non-school resources) 
like science exhibitions, science clubs, debates, essay 
writing and quiz competitions are being organized by the 
NCERT, the Department of Science & Technology 
(DST), the National Council of Science Museums (NC- 
SM), the Ministry of Non-Conventional Energy Sources 
(MNCES) and many voluntary organizations, such as: 
Vikram Sarabhai Science Centre, Ahmedabad; Homi 
Bhabha Centre of Science Education, Mumbai, etc. 

NCERT has been pioneering exhibitions in India. It 
has been organizing national level science exhibitions 
every year since 1971. The national level science exhibi- 
tion is the culmination of a series of exhibitions organized 
at school, district, regional and state level every year. At 
the beginning of the school session every year, NCERT 
circulates to all states/UTs the main themes and sub- 
themes of the state-level science exhibitions for a particu- 
lar year. In keeping with the central and state govern- 
ment’s emphasis on improvement of educational facilities 
in rural areas and for economically weaker sections of the 
society, the main theme of national and state-level science 
exhibitions are infused with a distinct bias towards the felt 
needs of rural India. The social aspect of science and rel- 
evance of science and technology for development are 
some other criteria, which are given due consideration in 
determining the themes. The NCERT also provides de- 
tailed guidelines to the states for organization of exhibi- 
tions and outlines the criteria for evaluation of exhibits 
and the selection of judges. 

The financial and academic support for the organiza- 
tion of science exhibitions are mainly provided by the 
NCERT and the state governments concerned. A list of 
exhibits selected for display at the National level with 
brief synopsis about each exhibit, a book titled ‘Structure 
and Working of Science Models’ containing details about 
some selected exhibits and publicity folders about the sci- 
ence exhibition are published every year by the NCERT. 

The National Council of Science Museums (NCSM) 
organizes a number of activities like demonstration lec- 
tures, mobile science exhibitions for rural schools, science 
quiz, science seminars, science fairs, Nature Study and 
Environment Awareness Programs. NCSM operates and 
contributes to science education of children at a mass level 
through its four museums located at Calcutta, Bangalore, 
Mumbai and Delhi, besides utilizing a number of regional 
centres situated in different parts of the country. NCSM 
has set up 301 school science centres in the states of West 
Bengal, Assam, Tripura, Manipur, Andhra Pradesh, Kar- 
nataka, Madhya Pradesh, Haryana, Punjab and Rajasthan. 
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The centre develops kits and teaching aids, conducts hob- 
by camps, popular lectures, exhibitions, etc. 

Vigyan Prasar (an autonomous organization under the 
Department of Science & Technology) has established a 
network of Science Clubs (VIPNET) throughout the coun- 
try to strengthen the science club movement and to co-or- 
dinate with other existing clubs and agencies. Vigyan Prasar 
also contributes to learning of science through its Homepage 
started in September 1996. It offers daily science news per- 
taining exclusively to Indian science and technology (S&T) 
along with archived news, links to other related sites, an 
online popular science magazine, Com.Com, which fea- 
tures interviews with eminent scientists, S&T development 
stories and articles on topical S&T themes. 

VikramSarabhai Community Science Centre, Ahmeda- 
bad, conducts a mobile exhibition known as ‘Science Cir- 
cus ’.In this project, all materials requiredfor demonstration, 
participatory events as well as slides, a special bus takes 
around films, etc. At any chosen venue, these are displayed 
for the benefit of the public. Most of these activities are re- 
lated to the prescribed curriculum while some others dem- 
onstrate the application of science in daily life. 

The National Council is organizing national Chil- 
dren’s Science Congress every year for Science and Tech- 
nology Communication (NCSTC). In this programme, 
children in the age group of 10-17 years, take up scientific 
projects related to local issues. They work under the su- 
pervision of the teachers/science activists and report their 
findings at school/block or district level Congresses. Se- 
lect projects are presented at the state and national levels. 

The National Bal Bhavan has been contributing to- 
wards enhancing the creativity among children in the age 
group of 5-16 years especially from the weaker section. It 
was established in 1956 and now operates throughout the 
country through its fifty-three affiliated state Bal Bha- 
vans. There is a library as well as National Children’s Mu- 
seum. It regularly organizes programmes wherein 
children can pursue activities of their choice such as in en- 
vironment, astronomy, photography, science-related ac- 
tivities, etc. These experiences are enjoyable and 
memorable for the children, especially as they are pre- 
dominantly from disadvantaged backgrounds. Thematic 
and general workshops are also organized regularly for 
teachers, trainers and adults in science activities. 

VII. NCERT’S EFFORT TOWARD 
A NEW CURRICULUM 

We have had the opportunity to observe and analyse the 
strengths and weaknesses of the National Policy on Edu- 
cation that is in prevalence since 1986. With the benefit of 
hindsight we can safely conclude that we need to critically 
scrutinize and revamp the content, process, and approach 
to education, in general, and science education, in partic- 
ular. Greater dynamism needs to be infused into the school 
curriculum in order to enable it to respond to the fast chang- 
ing priorities and long-term developmental goals of the na- 
tion. A number of important developments have taken 
place since the last revision of school science curriculum 
and these are bound to decisively influence the formula- 
tion, design and development of science curricula. 



• Firstly, our understanding of ‘how students learn sci- 
ence’ has changed significantly. From process ap- 
proach to science education, we have moved to 
constructivist approach. 

• Secondly, last two decades have seen emergence of a 
new taxonomy of practical skills, which is now inter- 
nationally accepted and widely used. These aspects 
have to be taken care of in design of learning materials 
for children as well as in the technology of teaching 
and assessment. 

• Thirdly, and probably the most significantly, develop- 
ment has taken place in the area of information tech- 
nology. This is not only likely to considerably 
influence the end product, but also hugely impact the 
content and process of science education. 

The National Council of Educational Research and Train- 
ing has already started the process of revising the national 
curriculum framework. In the first phase, a document en- 
titled ‘National Curriculum Framework for School Educa- 
tion-A Discussion Document’ has been brought out in 
January 2000. This document provides a curricular frame- 
work for all stages of school education. It has been 
evolved through a variety of strategies — by looking into 
theoretical and research materials, consulting and discuss- 
ing various issues with faculty members, eminent educa- 
tionists and experts. 

In the second phase, workshops/meetings at national/ 
regional levels are being organized for extensive and in- 
tensive discussion in order to evolve consensus on various 
issues raised in the document. The document has been 
made available to all the stakeholders in education, i.e. oth- 
er national and state-level institutions, school boards of ed- 
ucation, state councils of educational research and training, 
directorates of education, parent/teacher associations, pro- 
fessional associations of teachers and teacher educators, 
and eminent educationists and educators. Their sugges- 
tions and responses will help enrich the final document. In 
the third phase, based on the guidelines provided in the new 
Curriculum Framework, syllabi, textbooks and other in- 
structional materials for all stages of school science edu- 
cation will be designed and developed. 

The progress and development of science and technol- 
ogy in India and the enormous potential it holds for the fu- 
ture have been comprehensively summarized by Prof. 
R.A. Mashelkar, Director-General of Council of Scientif- 
ic and Industrial Research in his Presidential address de- 
livered at eighty-seventh Indian Science Congress, Pune, 
on 3 January 2000 as follows: 

Let me sum up by recalling the new Panchsheel of the 
new millennium, that we should launch in the year 2000. 
It is simply: 

• Child-centred education; 

• Woman-centred family ; 

• Human-centred development; 

• Knowledge-centred society; 

• Innovation-centred India. 

These principles, if put into practice, will help India to ac- 
quire a scientific temper, edge towards a ‘learning com- 
munity’, realise national dreams of being a ‘knowledge 
society’ and leave behind memories of underdevelopment. 
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Indonesia 



Ella Yulaelawati 



Estimated population (1996) 


200, 453, OOCf 1 ) 


Public expenditure on education as a 
percentage of gross national product 
(1996) 


1.4 


Duration of compulsory education 
(years) 


— 


Primary or basic education 




Pupils enrolled (1996) 


29,236,283 


Teachers (1996) 


1,327,178 


Pupil/teacher ratio 


22:1 


Gross enrolment ratio (1996) 
— Total 


113 


— Male 


115 


— Female 


110 


Estimated percentage of repeaters 
(1996) 


6 


Secondary education 




Students enrolled (1996) 


14,209,974 


Gross enrolment ratio (1995) 
— Total 


51 


— Male 


55 


— Female 


48 


Third-level enrolment ratio (1996) 


11 


Estimated adult literacy rate 
(2000) 

— Total 


87 


— Male 


92 


— Female 


82 


Note : in each case the figure given is the last year avail- 


able. 




Sources: All data taken from UNESCO statistical year- 
book, 1999 , Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 


United Nations. 





I. INTRODUCTION 

Science today is the most potent tool in the hands of men 
to unveil the many secrets shrouding our universe. It is the 
doorway traversed by both the teacher and the taught. Be- 
ginning with small steps comprising basic knowledge, 
they travel towards the most profound insights into our 
lives and times. Indonesia too, like most other countries, 
pays its tribute to science by enshrining it as one of the 
core subjects in its national curriculum. Technology, the 
prodigy child of mother science, although lagging behind, 
claimed its rightful place in the national science curricu- 
lum in 1994. Technology is generally classified as prod- 
ucts and processes. The products are seen as technology in 
action, for instance when computers, projectors and 
audio-visual aids are utilized in classrooms. 

Technology has assumed enormous significance in the 
present millennium and its implementation in the class- 
rooms is no longer a luxury. The present era is often ‘char- 
acterized by media culture and information technologies, 
global economies and migration, increasing gaps between 
the rich and the poor’ (Comber, 1998). Indonesia’s surviv- 
al in these troubled times is exacerbated by its ongoing 
economic crises. The impact of these crises is such that 
colossal efforts have to be made just to keep children in 
schools. The Government of Indonesia (GOI), the World 
Bank and the Asian Development Bank all provide loans 
to schools through special programmes that aim to mini- 
mize the dropout rates and improve the quality of educa- 
tion. The programmes are widely promoted through a 
‘stay in school’ media campaign. 

Steady increases in the budgets have, through scholar- 
ships, enabled disadvantaged children to stay in schools 
while, at the same time, care is taken not to dilute the use 
of technologies in the classrooms due to financial con- 
straints, thus ensuring quality. This paper is devoted to the 
current status of the teaching of science and technology, 
challenges ahead, recent reforms in the field, and innova- 
tive ways of teaching science and technology to students 
from vulnerable backgrounds. 

II. THE STATUS OF TEACHING SCIENCE 

AND TECHNOLOGY 

General science is taught to all students from 4-16 years 
of age. After the age of 17, the students can choose to spe- 
cialize in any specific discipline of their choice. 

Science is taught as an integrated topic with other sub- 
jects in pre-school, with a view to ensuring wholesome in- 
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tellectual development. Science vocabularies and 
knowledge are introduced at the primary school level 
(grade 1 and 2). Integrated science or general science is 
taught in primary school (three ‘teaching hours’ for grade 
3—40 minutes per ‘teaching hour’, six ‘teaching hours’ for 
grade 4, 5 and 6), combined science which consist of biol- 
ogy and physics (six ‘teaching hours’ each; one teaching 
hour is 45 minutes) is taught in lower secondary school, 
while the separate subjects of chemistry (three ‘teaching 
hours’), biology (four ‘teaching hours’), and physics (five 
‘teaching hours’) are taught in the upper secondary phase 
when the students reach 17 years of age. 

After age 17, those interested in pursuing higher stud- 
ies in engineering, technology, architectures, physics, 
medicine, biology, and pharmacy could take courses com- 
prising seven lessons (45 minutes per lesson) of physics, 
seven ‘teaching hours’ for biology, and six for chemistry. 
Those who choose the language stream and the social sci- 
ences do not study any science. 

In general, the objectives of the science curriculum are 
as follows: 

• To develop scientific knowledge, skills and attitudes; 

• To develop process skills in acquiring and applying 
scientific and technological knowledge, concepts, and 
invention; 

• To develop the ability to apply knowledge, under- 
standing and skills in science and technology for im- 
proving the quality of life, and facilitate progress 
through advanced learning experiences for higher ed- 
ucation; and 

• To promote the learners’ intellectual, physical, emo- 
tional and social well being. 

III. PROBLEMS AND ISSUES 

IN PROMOTING SCIENCE AND TECHNOLOGY 

1. The curriculum and assessment constraints 

The rigidity of the syllabus and the scarcity of curriculum 
guidelines places limitations on the creativity of the teach- 
ers and inhibits spontaneity in teaching science. The syl- 
labus consists of objectives, descriptions of topics and 



sub-topics, time allocation, methods, resources and as- 
sessment or evaluation methods. It is considered too rigid 
and limits the flexibility for creative teachers to develop 
activities based on teaching science in consonance with 
their own real-life situations. On the other hand, the cur- 
riculum guidelines do not provide enough materials for 
helping teachers to develop scientific research. However, 
some Indonesian educationists believe that the broad and 
flexible curriculum may give liberty to some talented 
teachers but pose difficulties for the average Indonesian 
teacher 

The quality of teaching and learning science is serious- 
ly hampered by excessive curriculum and assessment 
loads. Both are responsible for trivial and didactic cover- 
age of content, and for the consequent failure of students 
to acquire the depth of understanding and the critical 
thinking skills. Aspects of curriculum load include the 
number of subjects studied by each student and the 
amount of content prescribed in each subject. In addition, 
at the end of each term, there is an external examination, 
the results of which determine a child’s progression to the 
next grade. 

According to Boediono and Sweeting (1999), Indone- 
sian primary children spend more hours on their studies 
than children from other countries, namely 28 hours per 
week, compared with 23.75 hours in England and Singa- 
pore, and 24.25 hours in the Netherlands. The 28 hours are 
spread over six days in Indonesia rather than the five days 
of the other countries. Indonesian primary children spend 
more time learning science than children from other coun- 
tries, namely 4 hours compared with 2.30 hours in Eng- 
land, 2.45 in Singapore, and 1.30 hours in the 
Netherlands. 

Blazely (1999) compares the content of the IPA curric- 
ulum for Indonesia, Singapore, England and Australia for 
three topics, namely Electricity , Structure and function of 
plants and Air. In these topics, Indonesian children must 
cover more content. Table 1 indicates the overload content 
on the electricity topic compared to the three other coun- 
tries. 



TABLE 1. Primary school science curricula compared 



Indonesia 


Singapore 


United Kingdom 


Australia 


ELECTRICITY 
1. Static electricity 








2. Electrical energy and electrical devices 




X 


X 


3. Electric current and simple circuits 


X 


X using dry cells 


X 


4. Conductors and insulators 


X 




X 


5. Changing the brightness of lights 

6. Electrical switches 


X 


X 


X 


7. Storage cells, dry cells and dynamos 

8. Designing and building variety of 
electrical appliances 


X 


X 


X batteries 


Source: Blazely, 1999 










28 



27 



The additional material in the Indonesian curriculum 
pertains to practical technology. However, owing to the 
lack of resources required for hands-on learning, teachers 
tend to lecture instead of conducting practical classes. 
Therefore most of the contents that are to be acquired 
through practical instruction are poorly understood by the 
students. 

In junior secondary school, again, Indonesian children 
spend longer on their studies than do other children; 
namely 3 1 V 2 hours compared with 26 hours 40 minutes in 
England and ITA hours in Singapore (Boediono & Sweet- 
ing, 1999). In science, Indonesian students spend slightly 
longer on their studies than children from other countries, 
4.4 hours compared with 4 hours in England and Singa- 
pore. Besides, far too many subjects are crammed into the 
pre-university high-school courses — thirteen subjects 
compared to three in England and Wales (Slimming, 
1999) and six in Australia. 

2. The pre-service training of teachers 

Pre-service training does not bring out the kind of compe- 
tence that is a pre-requisite for a successful teacher — a 
thorough understanding of the subject taught and well- 
developed skills in educating the student. Most institu- 
tions responsible for pre-service training emphasize 
mastery of the content to be taught in school but tend to 
neglect the art of promoting learning in school 

3. In-service training 

Most in-service training in science education uses a cas- 
cade model. This top-down model, however, has little rel- 
evance owing to the heterogeneous character of 
Indonesian culture, its teachers and the varying levels of 
available resources. A generic training programme cannot 
achieve the same results across different ethnic groups 
and this, in turn, jeopardizes the development of science 
and technology. A community driven collaborative ap- 
proach might perhaps be more beneficial for the develop- 
ment of science. 

4. Textbooks 

A central agency known as The Book Center’ (BC) eval- 
uates its own textbooks and those of private publishers to 
ensure that all science textbooks are of good quality. The 
textbooks thus approved are supplied to schools free of 
charge by the government. The textbooks provide science 
information with accompanying exercises. However, the 
content and presentation in these textbooks fail to stimu- 
late learner interest or encourage serious study. This may 
perhaps be attributed to an inability to disseminate infor- 
mation with a suitable clarity and simplicity. 

5. Science laboratory 

Slimming (1999) points out that many secondary schools 
have some serviceable laboratories with a moderate to 
good range of useable equipments. However, very few 
make more than occasional use of these expensive facili- 
ties. This is because teachers lack training in the use of 
equipment. Furthermore, the highly theoretical science 
curricula, time constraints and an examination system that 



does not reward a laboratory approach to science have all 
conspired to stunt growth in this respect. 

IV. RECENT DEVELOPMENT IN SCIENCE 
AND TECHNOLOGY EDUCATION 

L The 2000 school science curriculum reform 

The 2000 school science curriculum reform will set the 
benchmark to asses and standardize basic competency in 
science and technology achieved in Indonesia. This is a 
significant departure from the description of the pre- 
scribed learning experiences stated in 1994 science sylla- 
bi. This is in line with the implementation of Law No. 22, 
1999, on Regional Autonomy, whereby education be- 
comes the responsibility of each district. The districts will 
thus have more flexibility in adapting the science curricu- 
lum to optimize learning skills among the students. 

A competency-based curriculum is not unknown in 
some other countries and is being developed in Indonesia 
as well, based on the realization that the country is multi- 
cultural with numerous ethnic groups. A curriculum of a 
generic kind would therefore be quite unsuitable for coun- 
try-wide use, as each province is unique. A generic curric- 
ulum is therefore obviously not the right solution for 
improving the quality of education. Moreover, the Indo- 
nesian education system is overcentralized. This system 
has placed schools and teachers in the unenviable position 
of being obliged to fulfill objectives regardless of availa- 
ble resources, local interests and needs. 

2. Basic Technology Education (BTE) Pilot Project 

Basic technology education (BTE) offers children of ages 
12 to 15 (junior secondary education — JSE) an orientation 
on technology; makes them aware of the impact that tech- 
nology has on their environment and increases the chance 
that children choose a career in a technical profession. 
Thus BTE plays a role in the provision of the need for 
skilled technical specialists. The BTE also offers some 
practical training so that children who leave school after 
JSE can enter the world of work with equipped with the 
necessary technical skills. 

Aims of the BTE project 

The BTE Pilot Project — Phase I aims to design, develop 
and implement a BTE curriculum in the first, second and 
third year of four selected JSE pilot schools in different 
provinces of Indonesia. The four selected pilot schools are 
in the following provinces: South Sulawesi, Maluku, 
West Java and West Sumatra. 

The major aims of the BTE Pilot Project are: 

• To improve the technological awareness and skills of 
junior secondary school students; and 

• To orient students with regards to the impact of tech- 
nology on local activities. 

The major objectives of the BTE curriculum are: 

• To enable students to familiarize themselves with 
those aspects of technology that are relevant to the 
ways in which students function in society; and to fur- 
ther the technical capability of the students; 
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• To acquire knowledge and understanding of the func- 
tions of technology, particularly the close links be- 
tween technology, natural sciences and society; 

• To become actively involved in the application of 
technology; 

• To learn to design solutions for human needs; 

• To learn how to use technological products safely; 

• To enable students to explore their abilities and inter- 
ests with regard to technology; 

• The curriculum should offer equal opportunities for 
boys and girls and should appeal to both sexes. 

Gains of the BTE project 

The BTE project is making significant progress and has 
already achieved the following: 

• A framework was developed for the three-year Indo- 
nesian BTE curriculum; Lessons for years 1, 2 and 3 
have been developed; 

• The textbooks for years 1 and 2 have been finalized, 
and those for year 3 will be finalized in June 2000; 

• A study guide for the teachers’ training programme 
was developed; 

• A training programme was conducted for the staff of 
TEDC Bandung; 

• A teacher-training programme was implemented for 
years 1, 2 and 3; 

• A BTE school management programme was imple- 
mented; 

• Equipment was procured as per the specifications out- 
lined by the BTE; 

• Installation of training equipment at the four pilot 
schools and the TEDC is complete; 

• Training related to the operation and maintenance of 
all equipment was also carried out. 

The application of scientific discoveries usually leads to 
the development and improvement of goods and services 
that ideally improve the life of humans and the environ- 
ment they live in. Such goods and services include mate- 
rials, machinery and processes that improve production or 
solve problems. In schools, technology ranges from pen- 
cils, books and furniture to lighting, transportation, com- 
puters and so on. However, most schools relate 
technology to computer science or computer-related pro- 
grammes. 

3. Empowering students through service learning 

There are some private enterprises involved with the pro- 
motion of science and technology education. They try to 
explain how high-school students can seize the initiative 
to develop a virtual learning forum that can influence their 
potential to learn. These institutions try to empower stu- 
dents by using the innate power of technology to motivate 
learners. CD-ROMs and computer laboratories are of- 
fered in order to apply technology to enhance learning. 
The aim is to both communicate with teachers and moni- 
tor student exploration of technology. This system guides 
the direction of student inquiry, and promotes new pat- 
terns of thinking. 



The programme is highly innovative in its use of tech- 
nology and stands out as a good example of a learning 
centre. The ‘learning centre’ is a teaching methodology 
that enriches instruction by providing thoughtfully de- 
signed opportunities for students to use their skills and 
knowledge for and with the community. The goal is to 
have students develop their skills and knowledge through 
active participation in the media, because there is often a 
need for information exchange or the dissemination of 
ideas. 

Science and technology modules are in written form 
and the team disseminates these to secondary school stu- 
dents, accompanied by enrichment tasks on CD-ROMs. 
The team then writes letters or e-mails to teachers and stu- 
dents to build a responsive forum in promoting science 
and technology. This communication functions as in-serv- 
ice training and provides teachers with professional skills 
to promote student learning. Internet research and inter- 
school communication through e-mail are encouraged and 
this interaction is moderated through the learning centre. 
The students would find the motivation to use the learning 
centre to enhance their understanding of technology. The 
students receive encouragement, praise and the security 
that they have a support system to enable their future edu- 
cation. 

The learning centre provides an ‘open Forum’ for stu- 
dents to meet the needs of the classroom curriculum using 
real-world applications. The ‘open Forum’ provides a 
platform where students interact with each other and with 
teachers, administrators and parents in the school setting 
to jointly move towards achieving a common vision in the 
development of science and technology development and, 
indeed, that of the country. 
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TABLE 2. Who is doing what in scientific and technological curriculum development in Indonesia? 





CENTRAL LEVEL 


REGIONAL LEVEL 


SCHOOL LEVEL 


AIMS AND OBJECTIVES 


X 




X 


CURRICULUM PLAN 


X 


X 


X 


METHODS 




X 


X 


AND APPROACHES 








TO TEACHING 








MATERIALS 




X 


X 


EVALUATION 


X 


X 


X 


AND EXAMINATION 











Japan 



Masakazu Goto 



Estimated population (1996) 


125,351,0000 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1994) 


3.6 


Duration of compulsory educa- 
tion (years) 


10 2 


Primary or basic education 




Pupils enrolled (1997) 


7,855,387 


Teachers (1997) 


420,901 


Pupil/teacher ratio (1994) 


19:1 


Gross enrolment ratio (1997) 
— Total 


101 


— Male 


101 


— Female 


101 


Estimated percentage of repeat- 


— 


ers 




Secondary education 




Students enrolled (1994) 


9,878,568 


Gross enrolment ratio (1995) 
— Total 


103 


— Male 


103 


— Female 


104 


Third-level enrolment ratio 
(1994) 


41 


Estimated adult literacy rate 


— 



Note: in each case the figure given is the last year 
available. 

Sources: All data taken from UNESCO statistical 
yearbook , 1999 , Paris, UNESCO, 1999, with the ex- 
ception of (1) Population Division, Department for 
Economic and Social Information and Policy Anal- 
ysis of the United Nations and (2) World data on ed- 
ucation , Paris, UNESCO, 2000. 



I. THE STATUS OF SCIENCE AND TECHNOLOGY 

EDUCATION IN JAPAN 

In Japan, the ‘course of study,’ namely the course objec- 
tives, approach and content of the school curriculum, is 
determined by the standard national curriculum set by the 
Ministry of Education. It is legally compulsory for schools 
to abide by the national curriculum standard, so that uni- 
formity and standardization of the school curriculum may 
be attained throughout the country. The course of study 
has been periodically revised by the Ministry of Educa- 
tion, every ten years or so since 1972. The course of study 
followed in Japanese schools in the year 2000 was initiat- 
ed at the elementary school level in 1991, while the lower 
and higher secondary schools adopted it in 1992 and 1993 
respectively. 

As recommended by the Curriculum Council, the sci- 
ence and technology syllabus is a selection of quintessen- 
tial topics such as scientific phenomena commonly 
encountered by students in day-to-day life. The aim is to 
train students in the practical aspects of scientific learn- 
ing through laboratory and other experiments, develop 
their powers of observation and hone their ability to inter- 
pret and apply their knowledge. Although private compa- 
nies produce textbooks, they require mandatory 
authorization from the Ministry of Education. The ele- 
mentary and lower secondary school textbooks are dis- 
tributed free of charge. 



L Policies that have shaped the curriculum 
of year 2000 

Guiding principles: 

• To foster a rich and vibrant student spirit; 

• To provide a firm foundation for life and learning; 

• To promote quality education that spurs individuality; 

• To foster student ability to continually pursue self-ed- 
ucation; 

• To inculcate respect for culture and tradition; 

• To promote international understanding. 

2. Science in the present course of study 

General points: 

• The emphasis is on the basics of science and on indi- 
viduality; 

• Learning is based on science encountered in everyday 
life and applied technology; 



• The aim is to enable the development of the basic 
capabilities and creative skills necessary to cope with 
a rapidly changing societal environment. 

Specific aspects that help develop a scientific 
temperament: 

• Observations, experiments and growing plants; 

• Scientific perception of nature; 

• Research activity and task study; 

• Scientific assessment, judgement and clear self- 
expression; 

• Computing skills and applications; 

• Science education oriented towards the protection of 
the environment. 

3 . The key policies of the science course in 2000 

At the elementary school level: 

Efforts are underway to utilize experiments and observa- 
tions to help students gain insights into natural phenome- 
na. ‘ Life environment studies' were introduced in the first 
and second grades, while students begin learning science 
as a discipline from grade III onwards. 

At the lower secondary school level: 

Students will be offered many more opportunities for ex- 
perimentation and scientific observation. The aim is to 
strengthen their capacity to study science, kindle a passion 
for science, and enthuse them to explore and comprehend 
nature more deeply. 

At the upper secondary school level: 

Students will be encouraged to study science on their own 
and urged to develop scientific ways of thinking. They 
will be given the freedom to choose their classes accord- 
ing to aptitude, capability and future plans. Preparations 
are underway to introduce computers to classrooms at all 
levels. 

4 . The learning programme for science 

At the elementary school level: 

The course content is divided into three areas: a) Living 
things and their environment; b) Matter and energy; c) 
The earth and the universe. Science and social study are 
integrated into ‘ Life environment studies' in the first and 
second grades. Therefore pure science is taught from the 
third grade onwards. 

Overall objectives: 

To help develop one’s ability at solving problems, to fos- 
ter love and sensitivity towards nature, and to inculcate a 
deeper understanding of the phenomena of nature utiliz- 
ing a variety of observations and experiments. This would 
help nurture a more rational and logical thought process 
that helps to develop a scientific worldview. 

Contents for each grade and area: 

Third Grade: a) Familiar plants, the process of their 
growth and their structure; the body structure of insects; 
and the human body; b) The properties of air and water, 
the properties of substances; c) The features and proper- 
ties of substances composing the surface of the earth. 



Fourth Grade: a) The relationship between the growth of 
plants and the environment, the inter-relationship between 
human and animal activity and the environment; b) The 
difference of the weight of materials, the functions of 
electricity and light; c) How running water transforms 
land, water and the various changes that take place in the 
natural world. 

Fifth Grade: a) The process of germination, growth and 
fruition by growing plants; the birth and growth of ani- 
mals, example, by raising fish; the birth and growth of hu- 
man beings; b) The various ways of dissolving substances 
in water depending upon the temperature and amount of 
water; the mechanism and functions of a lever; using a le- 
ver; the movement of materials using weights; c) The 
changes in weather, the movement and relative positions 
of the Sun and the Moon. 

Sixth Grade: a) The function of water in plants and the 
functions of leaves, observed by growing plants; the func- 
tions of breathing, digestion, excretion and circulation by 
observing the visceral anatomy of an animal; the charac- 
teristics of human beings and their interaction with the en- 
vironment; b) The properties of water solutions, the 
properties of materials and air, and the changes observed 
upon burning and heating materials; the functions of elec- 
tric current; c) The characteristics of stars and their move- 
ment, the characteristics of the matter that forms the land, 
and the formation of land. 

At the lower secondary school level: 

The science content is divided into two fields. The first 
deals with ‘Matters and phenomena related to substances 
and energy’ and second with ‘Living things and natural 
matters and phenomena’. The overall objectives are to en- 
able students develop the capacity to undertake investiga- 
tions in a scientific manner; to deepen their understanding 
of scientific phenomena. The aim is to arouse students’ in- 
terest in nature through experiments and observation and 
help them develop scientific views and thinking. 

Contents of each field 
First field: 

1. Familiar substances and their changes: water solu- 
tions, change in the state of substances, formation of 
gases (Grade VII); 

2. Familiar physical phenomena: light and sound, heat 
and temperature, force, pressure (Grade VII); 

3. Chemical changes: chemical changes, atoms and mol- 
ecules (Grade VIII); 

4. Electric current: electric current and electric pressure, 
functions of electric current and flow of electrons 
(Grade VIII); 

5. Chemical changes and ions: electrolysis and ions, ac- 
ids, alkali, and salts (Grade IX); 

6. Motion and energy: functions of force, motion of ob- 
jects, work and energy, progress of science and tech- 
nology, and human life (Grade IX). 

Second field: 

1. Life of plants and kinds of plants: life of plants and 
their body structures, classification of plants (Grade 
VII); 

2. The earth and the solar system: planets and the solar 
system (Grade VII); 
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3. Life of animals and kinds of animals: life of animals 
and their body structures, classification of animals 
(Grade VIII); 

4. Weather changes: weather changes, weather in Japan 
(Grade VIII); 

5. Links between living things: living things and cells, 
reproduction and heredity, mutual linkages in the 
world of nature (Grade IX); 

6. Earth, its changes: volcanoes and earthquakes, geolog- 
ical strata and geological history, the earth and human 
beings (Grade IX). 

TABLE 1 . The number of hours available for teaching 



the secondary school level. Thirty-five school ‘hours’ of 
lessons per school year are counted as one credit (see 
Table 1). 

II. STATUS OF CHILDREN AND EDUCATION 

In the curriculum for the year 2000, the overall academic 
achievement of Japanese children is considered to be sat- 
isfactory. For example, according to the TEMSS (Third In- 
ternational Mathematics and Science Study), the 
achievements of Japanese children in the fourth and 
eighth grades are the second and third highest respective- 



School level 


Grade level 


Present 


After 2002 


Integrated 


Elective 


Total (Now) 


Elementary school 


1 st Grade 






102 




782 (850) 




2 nd Grade 






105 




840 (910) 




3 rd Grade 


105 


70 


105 




910(980) 




4 th Grade 


105 


90 


105 




945(1015) 




5 lh Grade 


105 


95 


110 




945 (1015) 




6 th Grade 


105 


95 


110 




945 (1015) 


Lower 

secondary 

school 


7 th Grade 


105 


105 


70-100 


0-30 


980(1050) 


8 lh Grade 


105 


105 


70-105 


50-85 


980(1050) 




9 th Grade 


105-140 


80 


70-130 


105-165 


980(1050) 


Upper 

secondary 

school 


10 th Grade 


More than six 
credits for 
graduation 


More than 
four credits 
for 

graduation 


Three to 
six credits 




Above seventy- 
four credits for 
graduation 


1 1 th Grade 






12 th Grade 











At the upper secondary school level 
Overall objectives are to arouse students’ curiosity and in- 
terest in nature, foster the capability of scientific investi- 
gation through observation and experiments, and deepen 
their understanding of natural phenomena, thereby devel- 
oping a scientific view of nature. 

Contents: Subjects: Integrated Science (4 credits); Phys- 
ics IA (2 credits), Physics IB (4 credits), Physics II 
(2 credits); Chemistry IA (2 credits), Chemistry IB 
(4 credits), Chemistry II (2 credits); Biology IA (2 cred- 
its), Biology IB (4 credits), Biology II (4 credits); Geol- 
ogy IA (2 credits), Geology IB (2 credits), Geology II 
(2 credits); IA is the ‘Course of Daily Life Science’. 
The science student takes IB and II. Students must 
choose at least one subject each from two subject 
groups of these five. 

5. Timeframe 

One unit or school ‘hour’ is a class period equivalent to 45 
minutes at the elementary school level and 50 minutes at 



ly, among the twenty-six and forty-one participating 
countries. However, there remain several issues that still 
require to be addressed: 

• A substantial number of children do not fully under- 
stand the syllabus content. 

• Children’s abilities to study and judge by themselves 
and to express their opinions have yet to develop fully. 

• Children’s abilities to view things from different per- 
spectives are not yet satisfactory. 

• Children are excessively challenged by comprehen- 
sive science problems, such as ‘problems related to en- 
vironment and the essence of science’ (TEMSS). 

• Children lack interest in science and its study. 

The percentage of students who demonstrate an interest in 
science has registered a worrying drop from 85% in Grade 
IV to only 56% by Grade VIII. This measure of the eighth 
grade students’ interest in science is the lowest among the 
participating countries. The percentages of students who 
think that science and technology are important to daily 
life and desire to enter future jobs related to science and 
technology are the among the lowest, namely 48% and 
20% respectively (TIMSS). 
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Student disinclination to study science, as well as the 
tendency of students to opt for non-scientific fields, are 
exceedingly serious problems for a nation whose econo- 
my is built on science and technology. Also of concern is 
the problem of how to promote national scientific literacy, 
given that, after graduation, students seem to forget the 
scientific knowledge that they are supposed to have ac- 
quired. There are but few instances of students using com- 
puters or doing fieldwork. 

Other challenges include: integrating computers into 
science education; keeping science education in step 
with advances in science and technology; and teaching 
lessons that deal with environmental problems caused by 
the progress of science. An important consideration is 
whether or not to introduce ‘information education’ or 
‘the gathering and utilization of information’ as new sub- 
jects. The computer has been introduced into all schools, 
but only a small percentage of schools have actually uti- 
lized computers in the science lessons. Also, few stu- 
dents get the opportunity to do the prescribed fieldwork. 

6. The entrance examination 

There are a variety of problems surrounding the entrance 
examination, among which: a social climate where dispro- 
portionate emphasis is placed on academic credentials; 
unhealthy competition in the entrance examinations; vari- 
ous kinds of problem behaviours by children and young 
people; and the harmful effects of uniformity and rigidity 
in school education. 

In addition, rapid and wide-ranging social change has 
created a strong need to develop an education system ca- 
pable of accommodating these changes. As part of the ef- 
fort to deal with these problems, the National Council on 
Educational Reform recommended the following: 

• The introduction of the principle of respect for the in- 
dividual; 

• The transition to a lifelong learning system; 

• The importance of coping with social changes, includ- 
ing internationalization and the shift to an informa- 
tion-oriented society 

7. The issues beginning in 2002 

The most pressing issues are the introduction of the five- 
day school week and the consequent reduction of science 
class time (30% reduction of contents and teaching time), 
as well as the reorganization of science content in the new 
course of study. 

Each school must develop an original curriculum and 
teaching materials according to their ingenuity and the 
conditions pertaining in their schools. These courses are 
naturally dependent on the commitment and capabilities 
of the teachers involved. Pre-service and in-service teach- 
ing education will thereby gain greater significance. 

I. THE NEW CURRICULUM AND THE REFORM 
OF SCIENCE EDUCATION 

1. The purpose of reforming the standard national cur- 
riculum 

• To help a child develop humanitarian values, sociabil- 
ity and self-identity as a Japanese person living in the 
international community; 



• To help a child develop the ability to learn and think 
independently; 

• To help a child develop his/her individuality by pro- 
viding ample scope for learning opportunities; 

• To encourage each school to show ingenuity in devel- 
oping distinctive educational activities. 

2. Introduction of integrated study 

In addition to the existing disciplines, moral education and 
special activity, the new integrated course of study has 
been introduced into the present curriculum and will come 
into effect from 2002. A ‘period for integrated study’ will 
be established to encourage each school to show ingenuity 
in providing interdisciplinary and comprehensive courses, 
including international understanding, foreign-language 
conversation, information study, environmental education 
and welfare education. 

The contents and teaching times of all subjects will be 
reduced by 30% because of the introduction of integrated 
study and the five-day school week. To promote scientific 
literacy, science teachers should utilize the period of inte- 
grated study in addition to the science lessons. This is de- 
pendent on the competence and commitment of the 
teachers at the respective schools. 

Science teachers will also need to make use of facili- 
ties outside the school, such as museums and human re- 
sources, in order to enrich science education during the 
school year, a period crucial to the lifelong learning proc- 
ess. Teachers will play the role co-ordinators and organiz- 
ers. Training science teachers therefore assumes greater 
significance than ever before. 

3 . The reform of science learning 

A. The elementary reform standard 

Objectives: The main objectives of the elementary reform 

standard are: 

• To help students familiarize themselves with nature, 
cultivate intellectual pursuits and an inquiring mind; 

• To help students set clearly defined experimental 
goals and carry out experiments and record their ob- 
servations; 

• To help students develop the ability and aptitude to 
carry out scientific inquiry; 

• To help students develop a scientific world-view and a 
scientific way of thinking. 

The reform envisions the following: 

• To appreciate and value learning related to natural ex- 
periences and daily life; 

• To appreciate and value learning related to natural en- 
vironments and human beings; 

• To observe and conduct numerous experiments with a 
definite purpose ; 

• To foster problem-solving abilities and multi-lateral 
and integrated approaches. 

4. Suggested reforms 

A. The elementary school 

• To foster problem-solving abilities (comparison of 
events, abstraction of factors with change, designed 
observation and experiment, multi-lateral considera- 
tions); 
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• To enable students to understand the relationship be- 
tween science and daily life: (a) Life and its environ- 
ments (The life and growth of flora and fauna); (b) 
Matter and energy (Character of matter, changes of 
state); (c) Earth and the cosmos (Phenomena in the 
lithosphere, atmosphere and the terrestrial globe, nat- 
ural disasters). 

B. The lower secondary school 

• To foster problem-solving abilities and scientific ways 
of thinking; 

• To progress from learning on the basis of direct expe- 
rience and observation to developing analytical and in- 
tegrated points of view; 

• To learn outdoor observation to develop problem- 
solving skills; 

• To perceive inquiry related activities as an ideal way 
to accomplish given tasks. 

C. The upper secondary school 

• To appreciate the importance of inquiry-related study; 

• To develop the ability and attitude to inquire into 
nature; 

• To help students become scientifically literate accord- 
ing to their aptitudes, abilities and future plans: 

(a) The establishment of ‘basic science’: Investigat- 
ing and solving the secrets of nature, contributing 
to the development of civilization, becoming 
aware of our scientific heritage, problem-solving, 
becoming aware of the challenges facing science 
and the relationship between science and human 
life, fostering a scientific world-view and scientif- 
ic ways of thinking. 

(b) The establishment of ‘Integrated science A’ and 
‘Integrated science B’: Integrated science A: 
learning ways of inquiring into natural events that 
are related to our daily life, such as matter and en- 
ergy, focusing on ‘the relation between scientific 
technology and human beings’, developing an in- 
tegrated view of nature, and the ability and apti- 
tude to inquire into nature. Integrated science B: 
Learning ways of inquiring into the natural events 
that are related to real-life phenomena and the ter- 
restrial environment, focusing on ‘life and its en- 
vironments’, fostering a integrated view of nature, 
and the ability and aptitude to inquire into nature. 

(c) ‘Physics I’, ‘Chemistry I’, ‘Biology I’, ‘Earth sci- 
ence I’, which have simpler content than found in 
the current ‘IB’ and ‘II’ observation, experimenta- 
tion and inquiry activities, and learning the basic 
concepts and methods of inquiry. 

(d) ‘Physics II’, ‘Chemistry II’, ‘Biology II’, ‘Earth 
science II’ should train students in observation, 
experimentation and inquiry into these subjects, 
and inculcate methods of inquiry; teachers should 
select content according to the interest, ability and 
aptitude of the students. 

Subjects. Students must choose at least two subjects from 
the above for graduation. Credit points are accorded as 
follows: Basic Science (two credits), Integrated Science A 
(two credits), Integrated Science B (two credits), Physics I 
(three credits), Physics II (three credits), Chemistry I 



(three credits), Chemistry II (three credits). Biology I 
(three credits), Biology II (three credits), Geology I (three 
credits) and Geology II (three credits). 

III. THE LIFELONG LEARNING SOCIETY 

During 1999-2000, facilities outside of the school envi- 
ronment have been trying to contribute to science educa- 
tion and science related activity. For example, science 
museums, natural history museums and science centres at 
both the national and local levels have made special ef- 
forts to inspire and nurture young people’s interest in na- 
ture and science. Science teachers should make use of 
such facilities and human resources to promote a positive 
attitude towards science among their students. 

For instance, science teachers have developed the sev- 
enth- and ninth-grade curricula in a way that places field- 
work or outdoor learning at the centre of learning 
activities; such curricula can integrate many subjects. 

Teachers sometimes organize team-teaching in these 
curricula. By using facilities like museums and with the 
help of external human resources, teachers create oppor- 
tunities to exhibit their students’ works in these local fora. 
Students are then able to present their research and work 
to friends and the general community. Teachers also en- 
courage their students to talk about their work through the 
Internet to reach out to students in other schools, as well 
as to people outside of the school environment. The gen- 
eral aim is to optimize school education. Students will ex- 
pand their learning organically from school to their local 
environment, and thence to the outside world. By utilizing 
various educational networks, students will develop their 
learning capacity in an exponential fashion. Therefore, 
such a method of science learning is defined as ‘organic 
and expansive learning’. 

The learning network is vital to organic and expansive 
learning. The learning network is hierarchical in nature, 
comprising several networks among subjects, students, 
schools and educational facilities outside the school, the 
museum-centred network, the Internet, the mass media 
and so on. 

1 . Reasons for the fieldwork-centred curriculum 

• Students like to carry out fieldwork; 

• Students can develop their inquiry-related assign- 
ments according to the level of their ability; 

• Many people (adults) are attracted by nature. Children 
and adults can share their pleasure in nature. There- 
fore, fieldwork may lay the foundations of lifelong 
learning; 

• Fieldwork embraces many subjects and this can facil- 
itate networking between subjects; 

• Students can easily be assisted in their studies by the 
curator and specialist in the local museum; 

• The fieldwork is related to daily life and can be devel- 
oped in collaboration with the local community; 

• Students investigate the flora, fauna and geological 
features of their respective regions and develop an un- 
derstanding based on comparative study with the situ- 
ation in other parts of the world; 
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• Real-life experiences and hands-on activities are more 
important to their education than knowledge gained 
from books and television/films. 

2. The organic and expansive learning method 

The role of teachers consists mainly of presenting lessons 
in an engaging and interesting fashion, assisting the stu- 
dents with their research and co-ordinating between stu- 
dents and specialists. 

3. The developed curricula 

• Seventh-grade level science: fieldwork related to flora 
and fauna; 

• Ninth-grade level science: fieldwork related to geology. 

4 . The established networks 

A. Interdisciplinary curriculum network (the network of 
subjects) 

Intheseventhfieldwork-centredsciencecurriculum, science 
gains importanceasthecore subject whose relationship with 
othersubjectsisas follows: English: expression andcommu- 
nication of fieldwork in English; Social studies: ’"social 
problems related to the local environment; Homemaking: 
cookery classes; Mother-tongue (Japanese): science essay 
on bird-watching or nature-watching; Fine arts: sketching 
and sculpture of natural subjects. 

Science teachers take their students on field trips. Stu- 
dents devise their own assignments to investigate the flo- 
ra and fauna, and the geological aspects of their local 
environment. They then conduct inquiry-based study on 
the basis of their findings. In order to enable students to 
find answers to questions which teachers are unable to 
provide, the teachers then co-ordinate their students’ visit 
to facilities like the museum and the university, etc. Stu- 
dents thereby have an opportunity to learn from special- 
ists at the various facilities. On Sundays, science teachers 
co-ordinate and organize the optional fieldwork with the 
assistance of the specialist. Students learn how to make 
use of the social facility in their learning, and such expe- 
rience contributes to their lifelong learning. In order to 
disseminate their students’ achievements, teachers organ- 
ize exhibitions of students’ works. Students are also en- 
couraged to participate in science festivals to sustain their 
interest in science and nature (see Figure 1). 

CONCLUSION 

The objectives of the new course of study are: 

• to foster self-learning and self-thinking through infor- 
mal, flexible and innovative methods; 

• to be highly selective about the course content and en- 
able students to acquire basic knowledge and skills; 

• to promote individuality; 

• to introduce and develop an evaluation standard to 
judge the various abilities of children in addition to 
measuring the quantity of their knowledge. 

In order to encourage the development of a lifelong learn- 
ing society, we are formulating a system of standards that 
will adequately evaluate various learning achievements. 
Properly recognized, it is expected that these learning 
achievements will make a beneficial contribution to the 
development of the local community, volunteer activities 



and career development. The introduction of the five-day 
school week reduced the content of and time devoted to 
science education. But it is our duty to empower children 
to evolve into scientifically erudite and responsible citi- 
zens of the information age. 

Therefore, at secondary school, a larger selection of 
elective courses will be introduced to satisfy student inter- 
est, inspire learning, excellence and intellectual curiosity, 
and promote learning as a joyous experience. In order to 
promote the decentralization of education in the new cur- 
riculum, a new course, namely ‘Integrated Study’, will be 
introduced; teaching time will also be made more flexible. 
Each school can organize it’s own curriculum depending 
on its requirements and ingenuity. The design and devel- 
opment of the school’s own curriculum depends upon the 
schoolteachers and the principal. The ability and compe- 
tence of teachers will be called upon more than ever be- 
fore. The role of teachers is not only that of teaching 
children but also of co-ordinating, organizing and facili- 
tating their learning and related activities. Therefore, the 
pre-service and in-service training of teachers is more im- 
portant than ever before. 

The role of science and technology education cannot 
be overemphasized, as Japan is an industrial and techno- 
logical nation. Teachers and researchers of science and 
technology, recognize this fact. Teachers should make use 
non-formal opportunities for learning, such as utilizing 
human resources and facilities available outside the 
school environment. In addition to formal education, non- 
formal education should contribute to cultivating scientif- 
ic literacy among children. We are at a point in time when 
we as a nation should think and act in co-operation with 
each other for the edification of the next generation. We 
should sincerely take on the challenge of solving the ex- 
isting problems, as well as those that might arise in future 
in the interest of good education for the coming genera- 
tion. 
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FIGURE 1. Ninth-grade science: the curriculum on geological aspei 
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TABLE 2. Who is doing what in the development of scientific and technological curricula in Japan? 
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Malaysia 



Sharif ah Maimunah Syed Zin 



Estimated population (1996) 


20,581,0000 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1997) 


4.9 


Duration of compulsory 
education (years) 


— 


Primary or basic education 




Pupils enrolled (1997) 


2,840,667 


Teachers (1997) 


148,000 


Pupil/teacher ratio 


19:1 


Gross enrolment ratio (1997) 
— Total 


101 


— Male 


101 


— Female 


101 


Estimated percentage of 
repeaters 


— 


Secondary education 




Students enrolled (1998) 


1,889,592 


Gross enrolment ratio (1997) 
— Total 


64 


— Male 


69 


— Female 


59 


Third-level enrolment ratio 
(1995) 


12 


Estimated adult literacy rate 
(2000) 


88 


— Total 


91 


— Male 
— Female 


84 


Note: in each case the figure given is the last year avail- 


able. 




Sources: All data taken from UNESCO statistical year- 
book, 1999, Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 


United Nations. 





I. INTRODUCTION 

Malaysia is cognizant of the priorities being given 
throughout the world to science and technology. As the 
country prepares to join the ranks of developed nations by 
2020, it has placed on its national agenda the creation of a 
scientific and progressive society that is innovative, for- 
ward looking and one that is not only a consumer of tech- 
nology, but also a contributor to the scientific and 
technological civilization of the future. With the advent of 
information technology and a knowledge-based economy, 
it is imperative to produce knowledgeable workers. Mas- 
tery of science and technology among the young is cru- 
cial, as this will provide the necessary pool of technocrats 
who have the capabilities and creativity to take the lead in 
the various technology related activities. The implications 
on the school curriculum are obvious. 



II. STATUS OF SCIENCE 

AND TECHNOLOGY EDUCATION 

1. Science education 

Science is a core subject in the school curriculum and 
comprises science for primary, science for secondary, 
physics, biology, chemistry and additional science. The 
science curriculum is developed centrally. At the primary 
and lower secondary levels, science is compulsory to all 
while at the upper secondary level, students either take 
core science or choose science electives. 

A. Philosophy and aims of science education 

The National Philosophy of Science Education states that, 
‘In consonance with the National Education Philosophy, 
science education in Malaysia nurtures a science and tech- 
nology culture by focusing on the development of individ- 
uals who are competitive, dynamic, robust and resilient 
and able to master scientific knowledge and technological 
competency’. With this philosophy, science education, 
therefore, is aimed at developing the potentials of individ- 
uals in an overall and integrated manner so as to produce 
Malaysian citizens who are scientifically and technologi- 
cally literate, competent in scientific skills, practice good 
moral values, capable of coping with the changes of scien- 
tific and technological advances and be able to manage 
nature with wisdom and responsibility for the betterment 
of mankind. 
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B. Primary science 

The main aim of science at the primary level is to lay the 
foundation for building a society that is culturally scientif- 
ic and technological, caring, dynamic and progressive. 
This is to be achieved through providing opportunities for 
students to acquire sufficient skills, knowledge and values 
through experiential learning that inculcates the sense of 
responsibility towards the environment and a high regard 
of nature’s creation. 

Emphasis is given on the mastery of scientific skills 
needed to study and understand the world. Scientific skills 



refer to process skills and manipulative skills. At the low- 
er primary level, elements of science are integrated across 
the curriculum. Science is taught as a subject at the upper 
primary level (years 4, 5, 6); 150 minutes per week is 
given to this subject. 

C. Content of primary science curriculum 

The basic knowledge of the primary school science 
programme (years 4 to 6) is organized around five areas of 
study, as shown in Table 1. 



TABLE 1. Content of the primary science curriculum 


Investigating ... the living world 


the physical world 


the material world 


Earth and the 


the world of 








Universe 


technology 


Year 4 Variety of life in 


Understanding 


Natural and 


The Earth — its 


Knowing technology 


nature 


length 


synthetic materials 


shape, size and 
gravitational pull 


Development in 


Features and 


Understanding area 


Variety of materials 




transportation, 


characteristics of 




in nature 


The Earth’s surface 


communication, 


animals and plants 


Understanding 






agriculture and 




volume 


Physical properties 


The Sun — its shape 


buildings 


The basic needs of 




of materials and its 


and size 




animals and plants 


How time is 


uses 




Inventors and their 




measured 




Heat and light from 


contributions 


Life processes in 
animals and plants 


Objects have weight 




the Sun 










The Moon — its 






Properties of 




shape, size and 






magnets 




surface 










The Earth-Moon 
distance 




Year 5 How animals and 


Electric current in a 


Solid, liquid and gas 


Natural phenomena 


Strength and stability 


plants survive 


complete circuit 


How materials 


on Earth 


of structures 


The food chain 


Sources of electrical 


behave when heated 


Night and day 


Designing a structure 




energy 


and cooled 






The food web 


Electrical energy 


Clouds and rain 


Moon phases 






transformations 


Chemical properties 


The beauty of the 
night 






Heat energy and its 
effects 


of materials 










Rust 








Understanding 


Preventing rust 








temperature 


The need to prevent 
rust 








Properties of light 










Light can travel 
through some 
materials 










Sound 








Year 6 Competition — a 


The effects of forces 


Preserving food 


Solar and Lunar 


Simple machines and 


form of interaction 
between living 


Moving objects 


Waste disposal and 


eclipse 


their functions 


things 




its effects on the 


The Solar System 


Designing tools and 






environment 




devices 


Man’s role towards 
living things 




Recycling waste 


Constellations 


Appreciating 






materials 


The grandness of the 


technology 


How man differs 
from other life forms 




Why recycle? 


universe 







40 



42 



D. Secondary science 

Science continues to be offered as a core subject to all stu- 
dents at the lower secondary level. The curriculum at this 
level further develops, nurtures and reinforces what has 
been learned at the lower primary level. Particular empha- 
sis is given on the acquisition of scientific knowledge, 
mastery of scientific and thinking skills, inculcation of 
moral values concurring with the premise that man is en- 
trusted with the responsibility of managing the world and 
its resources wisely. This will enable pupils to understand 
and appreciate the role of science and its application in 
daily living as well as for the development of the nation. 
The time allocated is 200 minutes per week. 

At the upper secondary level, students are offered sci- 
ence electives (biology, chemistry, physics and additional 
science) in addition to the core science. While the tradi- 
tional pure sciences have been in the curriculum for a long 
time, additional science is relatively new. It comprises el- 
ements of physics, chemistry, biology, earth science, agri- 
culture, oceanography and space science. 

Those taking two or more electives are not required to 
study core science. The electives tend to be favoured by 
students who have acquired good passes at the national 
examinations taken at the end of lower secondary level of 
schooling. Elective sciences at this level are allocated 160 
minutes per week. Table 2 breaks down the allocation of 
time for science subjects. 

The contents of science curriculum at the upper sec- 
ondary level are organized around specific themes as 
shown in Table 3. 

E . Scientific and thinking skills 

Central in the teaching-learning approach in thesciencecur- 
riculum at all levels is the mastery of scientific skills , which 
comprise process skills, manipulative skills and thinking 
skills. Process skills are mental processes that encourage 
critical, creative, analytical and systematic thinking and in- 
cludeobserving, making inferences, classifying, measuring 
and using numbers, predicting, communicating, using time 
and space relationships, interpreting, defining operation- 
ally, controlling variables, making hypotheses and exper- 



TABLE 2. Time allocation for science subjects 



Level 

of schooling 


Subject 


Minutes 
per week 


Primary 


Primary science 


150 


Lower secondary 


Core science 


200 


Upper secondary 


Core Science 


200 




Chemistry 


160 




Biology 


160 




Additional 

science 


160 



imenting. Manipulative skills are psychomotor skills used 
in scientific investigations such as proper handling of sci- 
entific equipment, substances, living and non-living things. 

Thinking skills comprise critical thinking and creative 
thinking, which when combined with reasoning lead to 
higher order thinking skills such as conceptualizing, deci- 
sion-making and problem solving. The operation of these 
strategies can be seen in Figure 1. 

Various methods can be used to inculcate scientific 
and thinking skills. In the science curriculum, the infusion 
methodology is recommended. Scientific and thinking 
skills are infused through science lessons in various stag- 
es. These stages range from introducing scientific and 
thinking skills explicitly, applying these skills with guid- 
ance from teachers and finally applying these skills to 
solve specific problems independently. 

F. Attitudes and values 

The infusion of desirable values and attitudes is also em- 
phasized in the teaching approaches. Such values include 
showing interest and curiosity towards thee surroundings, 
honesty and accuracy in recording and validating data, 
flexibility and open-mindedness, perseverance, being sys- 
tematic and confident, cooperation, responsibility for 



TABLE 3. Content of the secondary sciences 

Science Additional science Biology Physics Chemistry 



Man and the variety 
of living things 

Earth’s abundant 
resources and their 
management 

Energy for life 

Man and the balance 
in nature 



Life maintenance 

Exploring the 
elements of nature 

Managing nature’s 
resources 

Exploring Earth and 
space 



Man and the 
maintenance of life 

Man and the 
continuity of life 

Man and the 
management of the 
environment 

Man and social 
health 



Mensuration 

Kinematics and 
dynamic 

Properties of 
materials 

Energy 

Optics and waves 

Electro-magnetism 

Electronics 



Study of 
matter 

Interactions 
between substances 

Productions of 
synthetic materials 



o 

ERIC 
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FIGURE 1 . A model of thinking skills 

fees 



THINKING SKILLS 



CRITICAL THINKING 



CREATIVE THINKING 




one’s own and friend’s safety, and towards the environ- 
ment, appreciation of the contributions of science and 
technology, thankfulness to God, appreciation and prac- 
tice of a healthy and clean life style and the realization that 
science is one of the ways to understand the universe. 

2. Technology education 

Elements of technology-based education are introduced at 
the upper primary level through the living skills curricu- 
lum, which covers various aspects of manipulative skills. 
This subject is taught to all students until the lower sec- 
ondary level. The main purpose is to orientate students to 
early prevocational education. At the primary school lev- 
el, the subject focuses on three main topics, namely: 

• Maintaining, repairing and producing things; 

• Buying and selling things; 

• Managing self and work. 

At the secondary level, the subjects consist of two sec- 
tions, namely, the core subject and the alternatives sub- 
ject. The core subject integrates: 

• Manipulative skills; 

• Commerce and entrepreneurship; and 

• Family living. 

The alternatives subject consists of: 

• Additional manipulative skills; 

• Home economics; and 

• Agriculture. 

At the upper secondary level, technology-based education 
courses become more specialized and are offered as elec- 



tives. These include invention, information technology, 
engineering drawing (offered in general academic schools) 
and the very highly specialized technical and vocational 
subjects in the technical and vocational schools. 

A. Aims of technical education 

Technical education is aimed at developing the potentials 
of students who have the interest and inclination towards 
a technology-oriented program in an effort to produce a 
highly knowledgeable and competent workforce in vari- 
ous technical and engineering fields. Vocational educa- 
tion aims at providing students with general and technical 
subjects towards providing them with employable skills 
and a good foundation for admission into polytechnics 
and other institutions of higher learning. 

111. MAIN PROBLEMS ENCOUNTERED IN THE 
TEACHING OF SCIENCE AND TECHNOLOGY 

1. Examination-oriented teaching 

A keen emphasis on public examinations by teachers has 
led to teaching being mainly geared towards passing these 
examinations. Practical and experimentation are often sac- 
rificed since these do not form a significant percentage in 
the overall marks. Thus teaching learning in the classroom 
in some context becomes largely teacher-centred, thereby 
ignoring the development and mastery of scientific and 
thinkingskillsamongstudentsasrequiredbythecurriculum. 
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2. Group practical activities 

In studies conducted on science education, it is observed 
that practical work is often conducted in groups rather 
than individually or in pairs. Such practices limit active 
work to two to three students while the other members 
tend to be passive observers. In some cases, this occurs 
due to the large classes (especially in urban schools) and 
limited apparatus and equipment to allow small group or 
individual work 

3 . Teaching of abstract topics 

There are certain topics that are abstract in nature and in- 
volve concepts and calculations that students find difficult 
to learn. This includes topics such as energy, motion, elec- 
tricity, atomic and molecular structure, etc. With ineffec- 
tive teaching, this brings frustrations to students. 

4 . Low cognitive-level questioning 

Learning science effectively needs a high level of cogni- 
tion. At the same time learning science also develops 
one’s cognitive ability. Good science teachers will pro- 
voke students with questions, which challenge them to 
think in order to make logical deduction and induction. 
Science teachers generally lack the skill of higher order 
questioning or do not place importance on this kind of 
questioning. Most of the time, teachers rely on pass-year 
examination questions and examination-orientated books, 
which do more drilling than developing higher cognitive 
abilities to understand abstract science concepts. 

5. Inquiry-discovery approach not frequently adopted 

Science being an empirical subject invites students to ex- 
plore and inquire in order to gain knowledge and make 
conclusions on their own. The inquiry-discovery ap- 
proach, necessary in science teaching and learning, has 
been actively advocated for more than a decade. Howev- 
er, education officials have observed that in many in- 
stances science is still being taught in a didactic manner. 
A small number of teachers do not do experiments with 
their students and a handful of them concentrate more on 
demonstration. Many teachers instruct students to carry 
out experiments following procedures stated in text 
books and make conclusion for them without having 
much discussion with them or giving them more room to 
discover or inquire as is required in the inquiry-discov- 
ery approach. This has seriously affected the students’ 
interest in and their ability to engage in scientific in- 
quiry. 

6 . Dissemination of curricular changes 

Dissemination of any new programme introduced by the 
Ministry of Education is through the cascade system. 
Through this training model, a group of key personnel are 
trained. They in turn train other users of the programme. 
This training is usually at the state and district levels. 
While this system proves to be the most economical and 
fastest method of dissemination, it has its drawbacks. 
Courses conducted for the trainers at the national level 
tend to be of longer duration and quite intensive. Howev- 
er, those at the state and district level tend to be of a short- 
er duration or held at intervals. During the process, some 



amount of dilution of knowledge occurs, which might lead 
to poor understanding of the philosophy and misinterpre- 
tation of the programme. 

7. Shortage of science teachers 

Malaysia currently faces a shortage of teachers in science 
and technology-related fields. With new subjects being in- 
troduced in the school, this shortage is expected to in- 
crease. Consequently, in some schools, particularly at the 
primary level, teachers who are not trained to teach sci- 
ence teach science. Part of the problem lies in the lack of 
suitably qualified candidates joining the teaching service 
as science teachers. Teaching is not an attractive career, 
and many consider it as a last resort. Those who acquire 
good grades in science will take up other science and tech- 
nology-related careers thus leaving the mediocre and av- 
erage to join the teaching profession. This inadvertently 
affects the quality of teaching in the classroom. 

To alleviate the problem of under qualified science 
teachers, the training curriculum in teacher education has 
incorporated knowledge of science as a component. The 
aim is to enhance the trainees’ skills and knowledge in sci- 
ence. 



IV. RECENT REFORMS 

The rapid development of information technology and the 
need to produce a workforce that will be equipped to meet 
the challenges of the information age has entailed a review 
of the existing school curriculum. This is with a view of 
capitalizing the presence of leading edge technologies to 
enhance the teaching and learning in schools. Smart learn- 
ing and smart teaching as part of the Smart School initia- 
tive involves creating a teaching-learning environment 
that makes learning interesting, motivating, stimulating 
and meaningful. The initiative emphasizes total pupil in- 
volvement, develops skills that will prepare pupils to meet 
greater challenges and caters to the wide range of interests 
and needs of the students. 

The curricular change focuses on the delivery system 
and learning outcomes. Technology becomes an enabler to 
facilitate teaching and learning activities. A multi-modal 
approach combining the best of network-based and course 
materials is adopted. The science curriculum has been re- 
framed to incorporate smart learning and smart teaching 
with mastery learning as an important component. 

There are several implications of this reform. The high 
degree of individualized attention will necessitate a re- 
thinking of the roles of teachers and school heads. Teacher 
development will be critical to the success. The availabil- 
ity of high-level technological infrastructure will require 
qualified personnel who can provide technical support as 
well as sufficient funds for maintenance costs. There is 
also the issue of the role of the traditional textbooks. All 
these will require a change in the mindset of the various 
groups of people involved in schooling, including the 
community. 

The Smart School concept represents a major under- 
taking that will require a substantial commitment from all 
stakeholders as well as of resources, but it is an investment 
that will benefit the nation. 
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V. INNOVATIVE USES OF NON-SCHOOL 
RESOURCES IN THE TEACHING 
OF SCIENCE TO PRIMARY 
AND SECONDARY SCHOOL PUPILS 

Science education is well supported by many other gov- 
ernmental and non-governmental agencies. For instance, 
the Ministry of Science, Technology and Environment has 
provided a five-year grant to the Ministry of Education to 
undertake science and technology-related activities for 
pupils and teachers. These activities are in the form of 
competitions, exhibitions, workshops and seminars and 
science camps. With the establishment of the National 
Science Centre and National Science Planetarium under 
this Ministry, many schools have organized trips to these 
places for their pupils. The Forest Research Institute of 
Malaysia is another favourite place for pupils to study the 
flora and fauna common to Malaysia and other areas of 
similar climate and vegetation. During these trips, very of- 
ten the teachers, with the co-operation of these agencies, 
organize suitable activities to ensure that the students ben- 
efit from these visits. 

Private corporations, such as British Petroleum, Shell 
Malaysia, Esso and Petronas (National Petroleum Compa- 
ny), have given contributions in both cash and kind to the 



Ministry of Education to conduct various co-curricular ac- 
tivities, such as Science Across the World and APEC 
Youth Science Festival. Some foundations, such as the Ma- 
laysian Toray Science Foundation, have annually organ- 
ized activities to encourage innovations and inventions in 
the teaching and learning of science among teachers. 

VI. CONCLUSION 

Moving into the twenty-first century, Malaysia strives as 
a developing nation to have a competitive edge in the 
world economy and global scientific and technological 
fields. As human resource development is crucial in the 
advancement of any nation, Malaysia places great impor- 
tance on its education, especially science and technology 
education. With the Philosophy of Science Education as a 
guide, various subjects and programs have been planned 
and implemented. Just like any other nation, various prob- 
lems exist; continuous, concerted and systematic efforts 
are needed to overcome these problems. The Smart 
School initiative, as the most recent reform, is a planned 
endeavour to create this systemic change to alleviate prob- 
lems encountered in science and technology teaching and 
learning. 



TABLE 4. Who is doing what in scientific and technological curriculum development in Malaysia? 





CENTRAL LEVEL 


REGIONAL/ 
PROVINCIAL LEVEL 


SCHOOL LEVEL 


AIMS & 
OBJECTIVES 


Central Curriculum Committee 
Curriculum Development Centre 
Technical Education Department 






CURRICULUM 

PLAN 


Curriculum Development Centre 
Technical Education Department 


State Education Department 


School Science & 
Technical Subject 
Committee 


METHODS AND 
APPROACHES 
TO TEACHING 


Curriculum Development Centre 
Teacher Training Division 
Central School Inspectorate 
University 


Teacher-Training College 
State School Inspectorate 




MATERIALS 


Curriculum Development Centre 
Text Book Division 
Educational Technology Divi- 
sion 

Technical Education Department 


State Education Department 
District Education Centre 
Teacher Activity Centre 
State Educational Resource 
Centre 




EVALUATION 


Examination Syndicate 
Curriculum Development Centre 
Malaysian Examination Council 


State Education Department 
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FIGURE 2. Structure of the Malaysian school system (with reference, to science and technology education) 
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New Zealand 



Frances Kelly 



Estimated population (1996) 


3,602,0000 


Public expenditure on educa- 
tion as a percentage of gross 


7.3 


national product (1996) 




Duration of compulsory 
education (years) 


120 


Primary or basic education 




Pupils enrolled (1997) 


357,569 


Teachers (1997) 


19,523 


Pupil/teacher ratio 


18:1 


Gross enrolment ratio (1997) 
— Total 


101 


— Male 


101 


— Female 


101 


Estimated percentage of repeat- 
ers (1992) 


4 


Secondary education 




Students enrolled (1998) 


1,889,592 


Gross enrolment ratio (1997) 
— Total 


101 


— Male 


101 


— Female 


101 


Third-level enrolment ratio 
(1997) 


63 


Estimated adult literacy rate 


— 


Note: in each case the figure given is the last year avail- 


able. 

Sources: All data taken from 


UNESCO statistical 


yearbook , 7999, Paris, UNESCO, 1999, with the 
exception of (1) Population Division, Department for 
Economic and Social Information and Policy Analysis 
of the United Nations and (2) World data on educa- 


tion , Paris, UNESCO, 2000. 





I. THE NEW ZEALAND EDUCATION SYSTEM 

In New Zealand, schooling is compulsory from age 6 to 
16. Some 2,790 schools are registered at primary and sec- 
ondary level. 

A new curriculum framework was published in 1993 
identifying seven essential learning areas, and eight essen- 
tial skills to be learned, and emphasizing the development 
of attitudes and values. It presents outcomes as achieve- 
ment objectives — stating ‘what students are to know and 
do’, and not ‘what teachers are to do’. Its implementation 
is regulated through the National Administration Guide- 
lines. The Education Review Office conducts effective- 
ness reviews of all schools on four-year cycles. 



II. STATUS OF TEACHING SCIENCE 

AND TECHNOLOGY IN NEW ZEALAND 

Science and technology teaching are both mandatory cur- 
riculum areas from year 1 to 10. They are both optional 
above year 10. 

A new science curriculum published in 1993 has been 
mandatory since 1995. The science statement replaced 
old syllabuses dating from mid-1980s. The new technolo- 
gy curriculum was published in 1995, and has been man- 
datory since 1999. It was a new addition to the 
curriculum but replaced workshop craft and aspects of 
home economics in years 7 and 8. 

L Major aims 

The major aim of science teaching is to develop knowl- 
edge and coherent understanding of living, physical mate- 
rial, and technological components of their environment; 
skills for investigating the above in scientific ways; op- 
portunities to develop attitudes on which scientific inves- 
tigation depends. 

The major aim of technology teaching is to develop 
technological literacy defined as a combination of techno- 
logical knowledge and understanding, technological capa- 
bility, and awareness and understanding of the inter- 
relationship between technology and society 

2. Basic knowledge 

In science teaching , the various knowledge aspects tackled 
within the framework of each strand, are the following: 

• The nature of science and its relationship to technology; 

• Scientific skills and attitudes; 
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• The living world; 

• The physical world; 

• The material world; and 

• The planet Earth and beyond. 

In technology teaching , seven technological areas are de- 
fined: biotechnology, electronics and control technology, 
food technology, information and communication tech- 
nologies, materials technology, production and process 
technologies, structures and mechanisms. Under these 
areas, the following knowledge aspects are considered: 

• The use and operation of technologies; 

• Technological principles and systems; 

• The nature of technological practice; 

• Communication, promotion and evaluation of techno- 
logical ideas and outcomes. 

3. Number of hours devoted to science and technology 
teaching at each level 

The number of hours devoted to each subject is decided at 
the school level. There are no reliable data at a national 
level. A survey conducted in 1999 showed, on an average: 
years 1 to 6 devoted 1 to 2 hours per week per subject area; 
years 7 to 8, 2 to 3 hours; years 9 to 10, 3 hours; years 1 1 
to 13, 4 hours. 

4. Outcomes 

An Education Review Office report found that: 

• A small percentage of schools barely implement the 
curriculum; 

• There is an uneven coverage of the strands in many 
schools — the ‘Living World’ strand, for instance, be- 
ing given much greater emphasis than others; 

© Science is generally taught in the afternoon in primary 
schools; 

• There is a reasonably high level of essential skill de- 
velopment in the context of science in most schools; 

• Secondary science is far more prominent and taught 
by specialists. Science had a required time allocation 
in years 9 and 10 until recently and so has a well- 
established place in the junior secondary timetable. 
However, teaching approaches vary considerably and 
older science teachers tend to take a traditional 
approach. Younger, more recently trained science 
teachers are more likely to base their programmes on 
the new curriculum than on older schemes of work. 
Within the science teacher profession, there are many 
who are familiar with constructivist approaches; 

• Many primary schools do not teach science as a stand- 
alone subject, but instead integrate science topics with 
other curriculum areas. ERO found this approach did 
not always result in science objectives being clearly 
met; 

• Most schools provide students with opportunities to 
undertake practical investigations in science. 



III. MAIN PROBLEMS IN TEACHING OF SCIENCE 
AND TECHNOLOGY 

Among the main problems encountered in teaching sci- 
ence and technology in New Zealand are: 



• Teacher confidence, knowledge of the subject content 
and knowledge of the subject pedagogy; 

• Lack of specialist facilities in primary schools; 

• Newness of technology — lack of established base of 
teaching learning and assessment experience, lack of 
familiarity with 'real world' technological practice, 
legacy of craft-based curricula years 7 and 8; 

• The difficulties of attracting and retaining teachers, es- 
pecially at secondary level, in the field of physical sci- 
ences. 

Up-dating of curricula 

The science curriculum was updated in 1992-93. A new 
technology curriculum was developed in 1993-95. A Cur- 
riculum assessment is planned for 2000-02, following the 
publication of the full set of curriculum statements. 

Production of materials 

The Ministry of Education produces resource materials 
through Learning Media Limited, a government-owned 
education publisher. The key resources used in each area 
are: 

In science 

• Science in the New Zealand Curriculum; 

• Three senior curriculum statements: biology, chemis- 
try, physics; 

• Putaiao (the Maori word for science); 

• ‘Making Sense of series of teachers’ guides, includ- 
ing, ‘Making Sense of the Nature of Science’; 

• Other teacher guides. 

In technology 

• Technology in the New Zealand Curriculum; 

• Hangarau (the Maori word for technology); 

• Know-how video tapes; 

• Teachers’ guides: for technological areas and for year 
1 to 8 programmes; 

• Summary leaflet of the curriculum. 

Commercial publishers 

One of the reasons the Ministry has developed a compre- 
hensive programme of publications to support science and 
technology is that commercial publishers in New Zealand 
have not responded strongly to new curriculum 
developments— 40,000 teachers and 700,000 students do 
not constitute a large commercial market for publishing. 

Partnerships 

The Ministry of Education also works in partnerships with 
private companies to produce resources. For example, the 
'delta' series of technology case studies provides good ex- 
amples of schools working with professional bodies, prof- 
it and non-profit enterprises, and outside facilitators/ 
experts to develop and test authentic technology units of 
work. Examples are how Tranzrail can develop a better 
system for cleaning railway locomotives, and a better de- 
sign of enclosure for zoo animals. Each study includes 
valuable comment from curriculum experts on how the 
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unit matches the aims and objectives of the technology 
curriculum. 

5. Training of teachers 

Pre-service 

The Ministry of Education does not have direct control 
over content of pre-service courses. However, the main 
providers have rearranged their own curricula and depart- 
mental structures to accommodate the inclusion of tech- 
nology in the mainstream school curriculum. As in 
secondary schools this was not always easy as technology 
was seen as a resource hungry cuckoo in the nest pushing 
other demands aside. 

In- sendee 

The Ministry of Education has been a significant purchas- 
er of in-service education on behalf of schools, contract- 
ing providers to support the introduction of curriculum 
change. In science this was largely focussed on the new 
curriculum statement itself; this is considered to have 
been insufficient to produce all the benefits for students 
the curriculum was intended to bring. 

In technology there was a much larger investment over 
a longer period, 1995-99. This was designed to introduce 
a new learning area to the curriculum. It has focussed on 
the nature of technology education, the technological are- 
as, approaches to teaching and learning, technological 
practice in the outside world, and is now turning to assess- 
ment. A major thrust was the training of technology advis- 
ers/facilitators to lead teacher development programmes, 
which involved these people in part of a masters-level pro- 
gramme. 

Secondary schools have taken up opportunities for 
professional development far less than primary schools 
and as a result there is less understanding and less support 
for the new science and technology curricula in secondary 
schools. This is partly explained by: 

• The teachers having a greater focus on changes in as- 
sessment for qualifications — these are only just appearing 
in technology (for National Certificate in Educational 
Achievement) and so there has been a mismatch between 
technology in years 9 and 10 and courses designed for tra- 
ditional qualifications above those levels; 

• The fact the curriculum changes are compulsory only 
at two secondary levels — years 9 and 10; 

• Because they are subject specialists and feel confident 
in their ability to deliver a programme based on past 
practice and their own efforts; 

• A climate of change avoidance/aversion. 

University departments, which bring together expertise in 
both science and education or technology and education, 
have provided research information on curriculum teacher 
attitudes and capabilities, student capabilities and assess- 
ment practices. They also provide guidance and support 
through undergraduate and graduate specialist programs. 

6. Support services 

The Ministry has contracted time for science and technol- 
ogy curriculum support from its six support service pro- 



viders since 1990, supplementing contracted Professional 
Development (PD) programmes and following on from 
them when they finish. Science advisers have a long his- 
tory of support to mainly primary teachers. Technology 
advisers are new since 1995. 

7. Subject associations 

ASE (Association of Science Educators) and TENZ 
(Technology Education New Zealand) are two very active 
organizations, which organize well attended, biennial na- 
tional conferences and local network meetings. ASE has 
been in existence since the 1970s. TENZ also has a web 
site and an on-line discussion forum. TENZ has sought 
membership from beyond schools in tertiary education 
and technology based industry and professional bodies, 
e.g. IPENZ, to link technology education practice with au- 
thentic, 'real world' technology practice. 

8. Adequate methods of assessment 

Among the methods of assessment used: 

• National Education Monitoring Project (NEMP), 
which has looked at aspects of science twice (1995, 
1999) and aspects of technology once (1996) (see re- 
ports); 

• Third International Mathematics and Science Study: 
middling Population 1 and 2 results prompted the 
Minister to call for a Math and Science Task Force 
(refer report); 

• Computer assessment resource banks in science; 

• A programme of exemplar development in all learning 
areas at levels 1 to 5, which is just beginning. 

The National Certificate in Educational Achievement to 
be introduced in 2002 will include science both as a gen- 
eral subject option and as specialist sciences. 



IV. MOST RECENT REFORMS IN EITHER SCIENCE 
OR TECHNOLOGY 

Among the most recent reforms in science or technology 

are: 

• The introduction of technology as a compulsory cur- 
riculum in its own right, developed in 1992-95, pub- 
lished in 1995, and mandated for the 1999 school year; 

• The policy work partly done by the University of 
Waikato, which also won the contract to develop a 
statement; 

• The educational TV (ETV) series to launch it {Know 
How ) — with Know How 2 as part of the follow-up PD 
package; 

• The now developmental work focussed on assess- 
ment; and 

• The development of Maori-medium curricula in both 
areas. 

A few conclusions 

• It is still too early to tell; the National Education Mon- 
itoring Project has provided only baseline data. 
TIMSSR results are not yet available. 
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• Some concerns cropped up in secondary schools about 
how to implement technology as a stand-alone subject 
or as a subject integrated with science and other sub- 
jects (some reluctance to abandon exiting optional 
subjects such as home economics). 

• Secondary science teachers were divided in their opin- 
ions about the new curriculum. 

• The ERO report Science in schools, 1996, found that 
teachers were not well enough trained to teach the new 
curriculum effectively and had a relatively low level of 
expertise and confidence in the subject. ERO was also 
concerned at the relatively small amount of time de- 
voted to science in primary schools. 



V. INNOVATIVE USES OF NON-SCHOOL 
RESOURCES IN TEACHING OF SCIENCE 
AND TECHNOLOGY 

The Government funds a considerable range of providers 
of Learning Experiences Outside the Classroom (LE- 
OTC). Some of these are attached to existing institutions, 
e.g. museums, zoos, observatories, Portobello Marine Lab 
(Otago peninsula). Others provide ‘road shows’, which 
travel across the country. 

Also, the Royal Society+IPENZ+TENZ 'delta' series 
of technology case studies also provide good examples of 
schools working with professional bodies, profit and non- 
profit enterprises and outside facilitators/experts. 
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TABLE 1. Who is doing what in scientific and technological curriculum development in New Zealand? 
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Philippines 



Bella Marinas 



Estimated population (1996) 


69,282,0000) 


Public expenditure on education 
as a percentage of gross national 
product (1997) 


3.4 


Duration of compulsory 
education (years) 


10< 2 > 


Primary or basic education 




Pupils enrolled (1997) 


12,159,495 


Teachers (1996) 


341,183 


Pupil/teacher ratio 


18:1 


Gross enrolment ratio (1997) 
— Total 


117 


— Male 


— 


— Female 


— 


Estimated percentage of repeaters 
(1985) 


2 


Secondary education 




Students enrolled (1997) 


4,979,795 


Gross enrolment ratio (1997) 
— Total 


78 


— Male 


— 


— Female 


— 


Third-level enrolment ratio 
(1995) 


29 


Estimated adult literacy rate 
(2000) 

— Total 


95 


— Male 


95 


— Female 


95 


Note: in each case the figure given is the last year avail- 


able. 




Sources: All data taken from UNESCO statistical year- 
book , 1999 , Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations and (2) World data on education , Paris, 


UNESCO, 2000. 





I. INTRODUCTION 

Basic education in the Philippines is composed of six 
years of elementary and four years of secondary education 
or a total of ten years, one of the shortest in the world. 
Within ten years, Filipino youth complete basic education 
at the age of 16 or 17 years. They then proceed to institu- 
tions of higher learning, to obtain a degree or a certificate 
from a post-secondary vocational/technical institution, or 
enter the world of work. Basic education in the Philip- 
pines is free at both levels but compulsory at the elemen- 
tary level only. 

On the basis of funding, schools are either govern- 
ment-supported or privately funded. The number of gov- 
ernment schools in the elementary level is 9 1 % of the total 
number and 60% in the secondary level. 

The school year in the Philippines begins on the first 
Monday of June and ends on the last Friday of March the 
following year. The school year for the elementary and 
secondary levels runs from Monday through Friday, con- 
sists of not less than 40 weeks or 200 days, and is divided 
into four grading periods. 

In the Philippine education system, the central office 
forms policy and sets standards that are implemented by 
the regional and division offices. Supervision of schools, 
therefore, is the function of the regional and sub-regional 
offices. 

II. SCIENCE AND TECHNOLOGY EDUCATION 

IN THE PHILIPPINES 

Curriculum development at the basic education level is 
the responsibility of the Bureaux of Elementary and Sec- 
ondary Education, Curriculum Development Divisions at 
the Central Office. The bureaux define the learning com- 
petencies for the different subject areas, conceptualize the 
structure of the curriculum and formulate national curric- 
ular policies. These functions are exercised in consulta- 
tion with other agencies and sectors of society, e.g. 
industry, socio-civic groups, teacher training institutions, 
professional organizations, school administrators, par- 
ents, students and other stakeholders. 

The subject offerings, credit points and time allot- 
ments for the different subject areas are determined at the 
national level. In this sense, there exists in the Philippines 
a national curriculum. Schools, however, are given the op- 
tion to make modifications/adaptations on the curriculum 
(e.g., content, sequence and teaching strategies) to ensure 
that the curriculum responds to local concerns. Table 1 
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shows who is doing what in science and technology cur- 
riculum development. 

The programme at the basic education level sets out to 
meet the needs of the students and society as a whole. The 
curriculum is designed to ensure that the student upon grad- 
uation from a secondary school will be able to learn more 
independently, acquire academic excellence, and develop 
the capability to cope with new knowledge and technology. 
On the other hand, elementary schools prepare students to 
cope with the challenges of secondary education. 

Science is one of the subject areas in the elementary 
and secondary education curricula. Science and health is 
offered forty minutes daily from grade I at the elementary 
level. In the secondary level, it is offered as science and 
technology and is taken eighty minutes daily. 

Since there is no streaming, or grouping of students 
according to their intellectual capacity, at the higher 
levels of secondary school, there are science schools or 
schools with science and technology-oriented classes/ 
sections. Following are brief descriptions of these 
schools/classes: 

• The Engineering and Science Education Project (ES- 
EP) was a project of the Department of Science and 
Technology (DOST) funded by World Bank through 
which science and technology classes were organized 
in 1 10 secondary schools. These schools also received 
a two-room science laboratory, science equipment, 
and scholarship grants for the teachers, and imple- 
mented a science and technology-enriched curricu- 
lum. 

• The Philippine Science High School System is a net- 
work of seven secondary schools funded by DOST im- 
plementing a science and technology-enriched 
curriculum with a highly selective admission process. 

• The sixteen Regional Science High Schools supervised 
by the Department of Education, Culture and Sport 
(DECS) offer a science-enriched curriculum, similar to 
that of the Philippine Science High Schools. 

• A Learning Resource Center is established in six sec- 
ondary schools. This was a joint project of the local 
government unit and US Agency for International De- 
velopment (USAID). The schools, like the 1 10 ESEP 
schools, have two or more classes per year level offer- 
ing a science and technology-oriented curriculum. 

1. Aims and objectives 

The government recognizes the importance of developing 
its science and technology capability as a means of ad- 
dressing the concerns of industrialization and globaliza- 
tion. The education sector, along with other government 
agencies, is tasked to contribute to the achievement of the 
national development goals. As such, DECS has focused 
its efforts towards programmes and projects aimed at im- 
proving English, science, and mathematics education in 
basic education. 

The objectives of elementary and secondary school 
science: 

At the end of grade VI, the child is expected to apply sci- 
entific knowledge and skills in identifying and solving 
problems pertaining to health and sanitation; nutrition; 
food production, preparation and storage; environment 
and the conservation of its resources; and evolving better 



ways and means of doing things. (Bureau of Elementary 
Education, 1998) 

The Secondary Science Education Programme aims to 
develop understanding of concepts and key principles of 
science, science processes, skills and desirable values to 
make the students scientifically literate, productive and 
effective citizens (Bureau of Secondary Education, 1998). 

These objectives are contained in the preface for the 
learning competencies. 

2. Curriculum plan 

The approach to curriculum design in the country is con- 
tent-topic-based and competency-based. The school chil- 
dren are expected to master a list of competencies at the 
end of each grade/year level and at the end of elementary/ 
secondary schooling. The Bureaux of Elementary and 
Secondary Education develop, publish, and issue to the 
field the learning competencies. 

The content in science and health is organized in in- 
creasing complexity from grade I to grade VI, in cate- 
gories on people, animals, plants (and environment), 
matter (mixture and solutions, physical/chemical 
change, materials at home), energy, Earth, and the sun 
(the solar system, beyond the solar system). In second- 
ary school, science includes general science (first year), 
biology (secondary year), chemistry (third year) and 
physics (fourth year). To provide for additional compe- 
tencies for fast learners, enrichment is added in some 
topics (BSE, 1998). 

3. Teaching methods and learning activities 

The curriculum plan does not include teaching methods 
for the teachers. It is in the teacher’s manuals or guides 
that higher-level content and suggestions for teaching and 
assessing instruction are included. Being able to plan and 
use the appropriate teaching-learning activities are chal- 
lenges to the creativity of the teachers. 

Learning materials such as textbooks, supplementary ma- 
terials and science equipment are provided. Learning ac- 
tivities are not confined to the classrooms. 

4. Evaluation and examination 

One of the subject areas tested in the nationally adminis- 
tered National Elementary Achievement Test (NEAT) 
and the National Secondary Assessment Test (NSAT) is 
science. These examinations are based on the learning 
competencies and are administered towards the end of the 
school year. The results serve as bases for policy formula- 
tion and educational reforms. 

Examinations are also administered to a sample by the 
regional and divisional offices. School-based assessment 
is conducted to determine performance and/or achieve- 
ment of the students in science and to report progress to 
parents and other officials. 

III. PROBLEMS ENCOUNTERED IN TEACHING 

SCIENCE AND TECHNOLOGY 

Problems in teaching science and technology are encoun- 
tered in curriculum, learning materials, teachers, and stu- 
dent performance. 
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1. On the curriculum 

Teachers often complain that the curriculum is over- 
crowded and that they are not able to finish the content in 
certain year levels and there are not enough teaching- 
■ learning materials. Some teachers complain some topics 
are too difficult to teach (Nebres & Vistro-Yu, 1998). 

Concern also has been expressed about the placement 
of science subjects in the curriculum. Earth science, for 
example, is offered in the first year, although it requires 
knowledge about concepts in chemistry and physics that 
are taken up in higher year levels. Another example is 
chemistry (third year) and physics (fourth year). There are 
increasing suggestions that the courses be reversed be- 
cause of the perception that chemistry is more difficult 
than physics (Mendoza, 1998). 

2. On learning materials 

Learning materials such as books and science equipment 
are either unavailable or inadequate in many schools. 
Also, very few schools have science laboratories. 

Concern also has been expressed that teachers’ manu- 
als, intended to help teachers teach more effectively, are 
inadequate. 

3 . On teachers 

In science, because of the shortage of science teachers in 
general, and majors in certain science disciplines in partic- 
ular, a science teacher may be hired to teach a science sub- 
ject that is not his major. Thus, a teacher must be multi- 
skilled to teach all science disciplines. But that is not the 
reality (Mendoza, 1998). Even teachers in science high 
schools find difficulty in teaching the integrated way 
(Reyes, 1998). 

Future science teachers graduate from pre-service pro- 
grams, yet few are competent enough to actually teach 
their subjects (Nebres & Vistro-Yu, 1998). 

4 . On student performance 

Various assessments and surveys report downward trends 
in students’ performance in science. The results are con- 
sistent, but a major concern is whether such results are 
used as a starting point when new programmes and activ- 
ities in science and mathematics education are organized. 
In particular, it is not clear whether teachers are informed 
of the results of assessments (Nebres & Vistro-Yu, 1998). 

IV. RECENT REFORMS IN SCIENCE 
AND TECHNOLOGY EDUCATION 

Recent reforms in science and technology education are 
the products of foreign-assisted projects implemented in 
the country to improve instruction in science. Among 
these are: 

• The Science and Mathematics Education Manpower 
Development Program (SMEMDP) of the Japan Bank 
for International Co-operation advocated the Practical 
Work Approach (PWA) in teaching science and math- 
ematics. The programme focused on the training of 
elementary and secondary teachers on PWA and the 
development of appropriate instructional materials. 



• The Project in Basic Education (PROBE), funded by 
the Australian Agency for International Development 
(AusAID) supported the improvement of instruction 
in science and mathematics. The project promoted the 
creation of teacher support units for both pre-service 
and in-service teacher training, and the development 
of curriculum and teacher support materials. 

• The National Science Teaching and Instrumentation 
Center ; a project with the German government, 
produces prototype science equipment that is mass- 
produced and provided to public schools. 

• Science teachers may upgrade their competencies 
through the Continuing Science Education via Tele- 
vision (CONSTEL), which is evolving into Continu- 
ing Studies in Education via Television , a joint 
project of DECS, DOST, PTV4 (the government TV 
station), University of the Philippines’ Institute for 
Science and Mathematics Education Development 
(UP-ISMED) and the Foundation to Upgrade the 
Standards of Education (FUSE). The project will 
soon include teaching episodes in English and math- 
ematics. 

V. NON-SCHOOL RESOURCES IN THE TEACHING 
OF SCIENCE AND TECHNOLOGY 

Science centres are good venues for enhancing a sense of 
curiosity and discovery among students. Through a well- 
co-ordinated programme of lectures and experiments in 
their classrooms and regular visits to the science centres 
for more instrument-intensive experiments or demonstra- 
tions, young students may become more excited about the 
wonders of science and the logic of mathematics (Nebres 
& Intal, 1998). 

Visits to manufacturing companies and industrial sites 
also provide students with on-site knowledge and experi- 
ences of the various applications of science concepts and 
corresponding technologies. 

Science fairs/camps, product promotion by manufac- 
turers, and industries and competitions provide students 
with alternative venues to present their investigatory and 
research projects. 

VI. CONCLUDING STATEMENT 

Education officials, especially those involved in science 
education, have a lot to do to raise the quality of science 
and technology education in the country. It is notable that 
government and non-government organizations have de- 
vised inter-agency programmes and projects to improve 
science and technology education. Curricular review of 
the science and technology programmes in both levels is 
on-going. Summer teacher training programmes are fo- 
cused on science and technology. 

The DECS registers its appreciation to the DOST, par- 
ticularly the Science Education Institute for its programmes 
on science and technology manpower development and for 
promoting science and technology culture. Appreciation 
also goes to the University of the Philippines’ Institute for 
Science and Mathematics Education Development for in- 
service teacher and materials development. They are 
DECS’ partners in the quest for quality science and tech- 
nology education. 
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FIGURE 1 . Structure of the formal system of education 




References 



Galang, C. 1998. Roundtable discussion for the National 
Science and Mathematics Education Congress on Ma- 
terials and Methods in Basic Education and In-Service 
Teacher Training in Science and Mathematics (1960- 
1998), held at UP-ISMED on September 15, 1998. In: 
Ogena, E.B.; Brawner, F., eds. Science education in 
the Philippines : challenges for development , Vol. 1. 
Metro Manila, SEI- Department of Science and Tech- 
nology. 

Mendoza, A. 1998. Roundtable Discussion for the Nation- 
al Science and Mathematics Education Congress on 
Materials and Methods in Basic Education and In- 
Service Teacher Training in Science and Mathematics 
(1960-1998) held at UP-ISMED on September 15, 
1998. In: Ogena, E.B.; Brawner, F., eds. Science edu- 
cation in the Philippines: challenges for development , 
Vol. 1. Metro Manila, SEI- Department of Science 
and Technology. 

Nebres, B.F.; Intal, A.M.G. 1998. The challenge of de- 
veloping science culture in the Philippines. In: Oge- 
na, E.B.; Brawner, F., eds. Science education in the 
Philippines: challenges for development, Vol. 1. Met- 



ro Manila, SEI- Department of Science and Technol- 
ogy- 

Nebres, B.F. & Vistro-Yu, C.P. 1998. A look at organiza- 
tional structure for an effective delivery of science ed- 
ucation. In: Ogena, E.B.; Brawner, F., eds. Science 
education in the Philippines: challenges for develop- 
ment , Vol. 1. Metro Manila, SEI- Department of Sci- 
ence and Technology. 

Philippines. Department of Education, Culture and Sport. 
Bureau of Elementary Education. 1998. Minimum 
learning competencies. Metro Manila, DECS. 

. 1998. Philippine secondary schools learning com- 
petencies. Metro Manila, DECS. 

Reyes, V. 1998. Roundtable Discussion for the National 
Science and Mathematics Education Congress on Ma- 
terials and Methods in Basic Education and In-Service 
Teacher Training in Science and Mathematics (1960- 
1998) held at UP-ISMED on September 15, 1998. In: 
Ogena, E.B.; Brawner, F., eds. Science education in 
the Philippines: challenges for development , Vol. 1. 
Metro Manila, SEI- Department of Science and Tech- 
nology. 





63s 



Republic of Korea 



Joohoon Kim 



Estimated population (1996) 


23,000,0000) 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1995) 


3.7 


Duration of compulsory 

education (years) 


9 ( 2 ) 


Primary or basic education 




Pupils enrolled (1997) 


3,794,447 


Teachers (1997) 


122,743 


Pupil/teacher ratio 


31:1 


Gross enrolment ratio (1997) 
— Total 


94 


— Male 


94 


— Female 


95 


Estimated percentage of repeat- 


— 


ers 




Secondary education 




Students enrolled (1996) 


4,662,492 


Gross enrolment ratio (1996) 
— Total 


102 


— Male 


102 


— Female 


102 


Third-level enrolment ratio 
(1997) 


68 


Estimated adult literacy rate 
(2000) 

— Total 


98 


— Male 


99 


— Female 


96 


Note: in each case the figure given 
able. 


is the last year avail- 


Sources: All data taken from UNESCO statistical year- 
book, 1999, Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations and (2) World data on education , Paris, 


UNESCO, 2000. 





I. THE SITUATION OF SCIENCE 

AND TECHNOLOGY EDUCATION 

1. The development of science and technology , social 

change and education 

Historically, scientific discovery has impelled world cul- 
tural, historical, social, and ideological development. Sci- 
ence and technology development prompted drastic 
economic and social change in the Republic of Korea over 
the past thirty years. In recent years, advancements in in- 
formation technology have touched every aspect of daily 
life in the Republic of Korea, economically, socially and 
culturally. 

The Internet has made it possible to shop from home, 
keep abreast of the news in an instant, and even conduct 
stock transactions by phone from a car. 

The Internet also has made significant improvements 
in education, bringing materials and resources into the 
home and classroom and forever changing the concept of 
the textbook. While some teachers and students use the 
wealth of information available on the Internet, many still 
do not recognize its value as a teaching and learning tool 
and its potential to vastly improve education. To drive 
home this point, new strategies need to be adopted for the 
nation’s education system. 

2. Centralized education system 

The Education Law promulgated in 1949 requires the 
adoption of a school ladder following a single track of 6 - 
3-3-4: six years in elementary school; three years in mid- 
dle school; three years in high school; and four years in 
college and university. 

The Republic of Korea has a centralized education 
system that determines educational policies and curricu- 
lum, and sets the standards for textbooks. Such a system 
has merits and shortcomings. One of the merits of a cen- 
tralized education system is a nationally standardized 
teaching and learning environment that utilizes similar 
materials. But this system also discourages teachers from 
developing new teaching methods and seeking innovative 
materials and resources. 

Some efforts were made in the new national curricu- 
lum for 2000 to overcome the negative effects of the tra- 
ditional centralized education system. But the measures 
were insufficient to encourage more diversity in the teach- 
ing environment. 
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3. Educational reform: reform of teaching and learn- 
ing methods 

Since 1995, the Republic of Korea has promoted reforms 
in all educational fields, such as in instructional methods, 
the education system, policy, teacher training, finance and 
the educational environment. 

II. THE STATUS OF SCIENCE AND TECHNOLOGY 
EDUCATION 

L School science curriculum 

Objectives 

The national curriculum mandates that kindergarten pro- 
vides contact with nature to arouse interest in natural phe- 
nomena; elementary school familiarizes students with 
basic concepts of science and experience inquiry; middle 



school exposes students to scientific ways of thinking; and 
high school develops an understanding of the system of 
scientific knowledge. 

Time allotment 

For lower grade levels (grades 1 and 2) of elementary 
school, science is taught in ‘intelligent life’, which inte- 
grates science, technology and social studies, and ac- 
counts for 102 hours (3 hours a week). From grade 3 to 6, 
science is taught for 102 hours (3 hours a week), as can be 
seen in Table 1. 

In the seventh National Curriculum, time for science 
was reduced, as indicated in parenthesis in Table 1, to in- 
crease the school discretionary time and give teachers 
time for creative activity. Time was also reduced for Ko- 
rean language, social studies and mathematics. 



TABLE 1. The time allotment in the elementary and middle school 



School level 






Elementary school 








Middle school 


Grade 


1 


2 


3 


4 


5 


6 


1 


2 


3 


Periods per week* 


4 


4 


3 


4 


4 


4 


4 


4 


4 




(3) 


(3) 


(3) 


(3) 


(3) 


(3) 


(3) 


(4) 


(4) 


Percentage** 


7.6 


8.0 


10 


13.3 


12.5 


12.5 


11.8 


11.8 


11.8 




(10.8) 


(12) 


(10.3) 


(10.3) 


(9.4) 


(9.4) 


(8.8) 


(11.8) 


(11.8) 



* A period is 40 minutes in elementary and 45 minutes in middle school once per week for 34 weeks (one year). 

** () is in the seventh National Curriculum from 2000 to 2004. 



Science education in high school includes general sci- 
ence (eight units in the sixth curriculum, and six units in 
seventh curriculum) for all students; four units each in 
physic, chemistry, biology and earth science for non-sci- 
ence college-bound students; and physics, chemistry, bi- 
ology, earth science (eight units each in sixth curriculum, 
and six units each in seventh curriculum) for students aim- 
ing to enter a science college. 

The vocational stream of academic high schools and 
the other schools take science subjects according to their 
specialization. One unit means 50 minutes per week for 
one 17- week semester. 

Contents 

In 1973, the Republic of Korea introduced a discipline- 
centred curriculum. Although the science curriculum has 
been revised four times since then, the content of science 
education has remained traditional, including energy, 
chemical reactions and continuity of life. In the elementa- 
ry level the content is topic-oriented real-life situations, 
but in middle and high school highly discipline-centred 
contents prevail. There is some merit in the discipline- 
centred curriculum, but there are also many problems that 
will be mentioned later. 



III. MAIN PROBLEMS OF SCIENCE 
AND TECHNOLOGY EDUCATION 

L Centralized curriculum and uniformity of school 
culture 

As mentioned earlier, Korean education suffered from a 
centralized education system and a centralized curricu- 
lum. We need a creative school environment to cope with 
a knowledge-based information and technology society. 
In some respects, the centralized system is no longer ef- 
fective and hinders educational reform. 

Science classes lack excellent teachers, materials and 
models from which other teachers can learn. Most teach- 
ers at the middle- and high-school levels use similar ma- 
terials and methods, relying on lectures and blackboards 
rather than laboratory activities, field trips, discussions 
and information technology. There has been some gradual 
movement towards overcoming the centralized system as 
educational autonomy increased, but more needs to be 
done. 

2. Discipline-centred curriculum 

The science curriculum of the Republic of Korea is a high- 
ly discipline-centred one that does not adequately prepare 
students for daily life and their futures, despite the intro- 
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duction of Science and Technology in Society (STS). It is 
difficult to motivate students and ignite within them an in- 
terest in science. 

3. Examination-oriented circumstances 

Korean education has suffered from high-stakes examina- 
tions, such as entrance examinations for university. En- 
trance examinations are so competitive that teachers stress 
solving problems for the examination rather than mean- 
ingful learning through laboratory activity, discussions 
and field trips. 

4 . Knowledge-centred instruction 

In science education, it is important to attain total human 
development, harmonizing the cognitive, affective and 
psychomotor domains. The objective of the affective and 
psychomotor domain is not stressed due to the examina- 
tion-oriented culture, a lack of instructional models, the 
lack of proper teaching and learning materials, and the 
lack of teacher training. 

5. Lack of specialists in teacher training 

Teacher training — pre-service and in-service training — is 
crucial for improving teaching and learning methods. But 
the pre-service and in-service training suffers from a lack 
of science education specialists who can prepare science 
teachers for the challenges they face. This is one of the 
most pressing problems that needs to be addressed. 

6 . Overcrowded classrooms 

Science classes suffer from overcrowding, which hinders 
individual student participation, hands-on activities and 
laboratory activities required for meaningful learning. As 
a result of urbanization, much of the country’s population 
is located in the metropolitan areas. In these districts, 
classes average more than forty students per class, placing 
a burden on teachers and making hands-on activities in 
science classes almost impossible. 

IV. REFORM OF SCIENCE 

AND TECHNOLOGY EDUCATION 

L Introduction of open education 

Another educational reform movement, namely open ed- 
ucation, was launched by teachers in the mid-1980s and 
has received much interest. The concept of open education 
is designed to respect the students’ personality and indi- 
viduality and to strive for a humane school environment. 
It is devoted to reforming teaching and hands-on, minds- 
on activities in science, especially in elementary school. 
Unfortunately, the movement has not reached the middle 
and high schools yet. 

2 . Reduction of the influence of the Entrance Exami- 
nation System and Activation of Performance As- 
sessment 

In reforming education in the Republic of Korea, the re- 
form of evaluation is an important factor. To that end, ef- 
forts were made to lessen the impact of high-stakes 
examinations such as university entrance examinations. 



A basic strategy of science education reform is substitut- 
ing performance assessment for the traditional paper-and- 
pencil multiple-choice test, examining children’s activi- 
ties, and stressing teaching and learning activity rather 
than textbook instruction. But it is not easy to assess sci- 
ence classes in school and it will take more time for such 
an endeavour to flourish. 

3 . Promoting research and development among teach- 
ers by providing funds 

Since 1998, the government has provided funds for teach- 
ers who want to conduct research and develop their skills. 
Teachers must conduct the research as a team. Thousands 
of teachers participated and exchanged ideas for better 
teaching and learning methods and materials and shared 
experiences. I believe this is a good strategy for exchang- 
ing ideas and experiences and it enhances the teaching re- 
form. 

4. Introduction of accreditation for information tech- 
nology 

In the information technology age, the capability to use 
computers and related material is essential for effective 
learning and improving life in general. Thus, from 2002, 
the capability to use information and technology will be 
included as part of the entrance examinations for higher 
education, such as for colleges and universities. All stu- 
dents applying for higher education will be required to ob- 
tain accreditation for information technology literacy. 

5. Introduction of STS in science education 

Since the Ministry of Education developed the discipline 
centred science curriculum in 1973, the curriculum has 
been criticized as being isolated from real-life situations 
and from the problems that confront students in daily life. 
Consequently, the public pointed out that it failed to culti- 
vate students’ interests and concerns for science learning. 
Also, the contents of science have been too abstract and 
difficult for most students to understand and master. 

To compensate such negative effects, Science and 
Technology in Society was introduced in the sixth nation- 
al science curriculum and strengthened in the seventh sci- 
ence curriculum. STS will be stressed in the new 
textbooks, but it is not yet satisfactory due to the lack of 
prototype materials. 

6 Application of educational technology in science 
education 

It is essential that educational technology keeps up with 
and utilizes advances in information technology. As the 
computer becomes increasingly important in every day 
life, it becomes an indispensable tool in science education. 
Textbooks are being developed that stress the use of infor- 
mation from the Internet in science classes. The govern- 
ment is attempting to supply schools with the necessary 
computer hardware by the end of 2000. 

But the utilization of excellent software is more impor- 
tant than the preparation of hardware systems. In the Re- 
public of Korea, many kinds of software are developed 
and available throughout the country. Software is also de- 
veloped and sold commercially in the private sector. But, 
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in both instances, the quality of the software is primitive 
and not sufficient to inspire interest among students. 

V. EXAMPLES OF INNOVATIVE USES 
OF NON-SCHOOL RESOURCES 
IN SCIENCE AND TECHNOLOGY EDUCATION 

1 . Home as a place for science and technology educa- 
tion 

Home is an important place to carry out science and tech- 
nology education. Many suburban homes have computers 
with Internet facilities available to the entire family. Chil- 
dren are able to learn from their parents and friends and 
can master the skills and processes needed for school sci- 
ence classes. 

2. Science Park 

In August 1993, EXPO ’93, the international science and 
technology exposition, was held in Dae-joen. It contribut- 
ed much toward the understanding of the development of 
modem science and technology. 

After the exhibition, most of the facilities of the EXPO 
93 were maintained and used as the national science and 
technology education centre. All the facilities were taken 
over by private enterprise and converted into education 
centres. 

3 . National Science Museum and Provincial Science 
Centre 

The Republic of Korea has a National Science Museum in 
Seoul, a National Science Museum in Dae-joen and six- 
teen other provincial science centres scattered around the 
country. 

The National Science Museum not only exhibits in- 
dustrial technologies developed recently by Korean indus- 
trial groups and research institutes, but also provides 
young students with activities related to their school sci- 
ence projects. Each provincial science centre has summer 
and winter learning sessions (camps) for young students 
during vacations. All students have access to these camps. 
Every year, about half-a-million students join in the sci- 
ence activities provided by the provincial science centre. 
Sometimes the provincial science centre provides public 
lectures concerning science and technology. 



The provincial science centres display prototypes and 
models of science equipment and science learning to stu- 
dents and teachers, and provide them with science activi- 
ties. The museums occasionally open exhibits, such as 
aquariums and rare plants, to the public of the provinces. 

4 . Mass media and science magazine 

In the Republic of Korea, newspapers, radio, and television 
have contributed to enhancing the understanding of science 
and technology. Broadcasting systems such as KBS, MBC, 
SBS and EBS, which is a special station devoted to 
education, provide the public with special programmes 
about science and technology. Some programmes are 
developed abroad and others by the domestic stations 
themselves. All attract large audiences. 

SBS produces a variety of science and technology pro- 
grammes, including a programme called ‘Invitation for 
Curiosity’, which is very popular and attracts students at 
all education levels. 

There are a number of science and technology-orient- 
ed magazines for students that are published monthly, bi- 
monthly and quarterly. The most popular science 
magazines for students are Student's science , Student's 
electronics , Newton , and Science Dong-a . They are pub- 
lished monthly and present workshops, projects, products 
and information that stimulate students' imaginations and 
creative minds. 

5. Science exhibitions and science fairs 

A students’ science fair has been operated by the National 
Science Museum and the Ministry of Science and Tech- 
nology since the early 1960s. The aim of the science fair 
is to stimulate scientific creativity in students and to culti- 
vate students' interest in science and science learning. 
Many bright students with creative minds, teachers and 
the public have participated in the science fair since it 
opened. 

‘The Big Feast for Science’ is an annual event in the 
Republic of Korea that features science inquiry competi- 
tions, discussions, research for students and science 
teachers, science games, and exhibitions. It runs from 
March until the end of the year. Winners of the various 
competitions have been awarded fringe benefits, such as 
admission to university, scholarships and overseas study 
tours. 
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TABLE 2. Who is doing what in science and technology curriculum development in the Republic of Korea? 
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Sri Lanka 



C.L.V. Jayatilleke 



Estimated population (1996) 


18,1 00,0000 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1997) 


3.4 


Duration of compulsory 
education (years) 


— 


Primary or basic education 




Pupils enrolled (1996) 


1,843,848 


Teachers (1996) 


66,339 


Pupil/teacher ratio 


28:1 


Gross enrolment ratio (1996) 
— Total 


109 


— Male 


110 


— Female 


108 


Estimated percentage of repeat- 
ers (1996) 


2 


School-age population out of 
school (1995) 


4,000 O 


Secondary education 




Students enrolled (1995) 


2,314,054 


Gross enrolment ratio (1995) 
— Total 


75 


— Male 


72 


— Female 


78 


Third-level enrolment ratio 
(1995) 


5 


Estimated adult literacy rate 
(2000) 

— Total 


92 


— Male 


94 


— Female 


89 


Note: in each case the figure given 
able. 


is the last year avail- 


Sources: All data taken from UNESCO statistical year- 
book, 1999 , Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations and (2) International Consultative Fo- 
rum on Education for All, Paris, January 1996. 



Sri Lanka embarked on major reform of formal education 
at all levels from primary education to university educa- 
tion beginning in 1998. Reforms were started with grade 
1 classes in one district. Countrywide reforms were intro- 
duced in 1999 with entry points at grades 1, 6 and 9. In 
August 1998 some changes were made in the grades 12 
and 13 curricula in keeping with changed requirements for 
admission to universities. As a relief measure, the ar- 
rangements of question papers in mathematics and sci- 
ence at the General Certificate of Education Ordinary 
Level (GCE O-level) will be changed in 2000. The 
number of years required to prepare for the GCE O-level 
is reduced to two starting January 2000 and changes were 
made in the list of subjects. 

In this paper, a comparison is made between primary 
and secondary education before and after the reforms. The 
schemes at present are a mix of arrangements: pre-reform, 
reformed and interim. The status given below refers to 
pre-reform arrangements. 

I. THE STATUS OF TEACHING SCIENCE 
AND TECHNOLOGY 

In the primary span covering grades 1 to 5, mathematics is 
taught in all grades commencing from grade 1, and intro- 
ductory science is taught in grades 4 and 5. In the junior- 
secondary span covering grades 6, 7 and 8, mathematics 
and science are taught in all grades. In the ordinary-level 
span covering grades 9, 10 and 11, mathematics and sci- 
ence are taught, together with an optional technical sub- 
ject selected from a list of advanced-level span covering 
grades 12 and 13. Candidates have to select combinations 
of four subjects from among applied mathematics, botany, 
chemistry, physics, pure mathematics, and zoology. 

All the subjects are studied using prescribed text- 
books. The textbooks are supplied free from grade 1 to the 
GCE O-level. 

The pupil attainments are assessed through mid-year 
and end-of-the-year written tests. 

Practical work in the sciences is not compulsory at any 
grade, but pupils do some practical work and investiga- 
tions. The teacher guides indicate the tasks that can be 
done. However, the amount of time allotted to science 
practical work varies among schools. 

Equipment is provided to teachers to demonstrate sig- 
nificant phenomena. 

At GCE O-level and advanced-level, pupils read sub- 
jects for three years and two years respectively before tak- 
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ing the public examinations that are conducted once a year 
countrywide by the Department of Examinations. 

At the ordinary level, candidates are examined in a 
maximum of eight subjects, including science and mathe- 
matics. Most employers of persons who have sat the GCE 
O-level require passes in mathematics, science and the 
mother tongue from applicants. 

At the advanced-level examinations, up to September 
1999 candidates had been offered a choice of four combi- 
nations. The most preferred subject combinations are: 

• Botany, chemistry, physics and zoology, offered for 
those who intend to do further studies in medicine, ag- 
riculture and biological sciences. 

• Applied mathematics, chemistry, physics and pure 
mathematics, offered for those who intend to do fur- 
ther studies in engineering and physical sciences. 

The medium of instruction is either of the two national 
languages, Sinhala or Tamil, as determined by the parents. 

Outside the state-funded formal school system there 
are private schools that prepare candidates for examina- 
tions conducted by authorities in the United Kingdom. 
These schools admit children to grade 1 and take them 
through to the GCE Advanced Level. The medium of in- 
struction is English. The textbooks are imported. Practical 
work is conducted in conformity with the standards stipu- 
lated by the examining authorities in the United Kingdom. 
Teachers are mostly Sri Lankan. 

II. MAIN PROBLEMS IN TEACHING OF SCIENCE 
AND TECHNOLOGY 

Several problems have been identified and they all are ei- 
ther directly or indirectly related to the wide disparities in 
the country’s physical infrastructure. Problems in com- 
munication, availability of potable water, electricity sup- 
ply, housing and income levels are evident in varying 
degrees across the country. These affect nutrition, motiva- 
tion, teacher deployment and school resources. 

Despite a wide variation in the country’s social and 
living standards, there is a high demand for primary and 
junior secondary education. A composite index used by 
the National Education Commission divides localities into 
four broad areas, ranging from developed to disadvan- 
taged, based on social and living standards. It is notewor- 
thy that the demand for schooling as reflected in pupil 
enrolment is high in districts that are disadvantaged. 

Dropping-out from school becomes significant after 
grades 8 and 9. Only about 15 % of an age cohort continue 
through to the advanced-level classes. Poverty and the 
need to help support the family are the most significant 
reason for leaving school. Recent surveys show an in- 
crease in the incidence of child labour. It is also particu- 
larly noteworthy that unemployment is highest among 
those who leave school from grades 12 and 13 with or 
without advanced-level qualifications. This could be a 
further disincentive to continuing with education beyond 
ordinary-level. 

The following are some problems associated with 
teaching science and technology: 

• Difficulties in conducting practical classes; 

• Shortages in the production and printing of textbooks 
and supplementary reading material; 



• Delays in implementation of school-based assessment 

programmes; 

• Absence of regular teacher training, re-training and 

upgrading programmes; 

• Shortcomings in the deployment of teachers. 

Since there has been no compulsion to conduct practical 
classes at all levels, the standards of facilities have gener- 
ally deteriorated over the past four decades. In many 
schools, chemistry equipment, microscopes and precision 
instruments are not in good working order. This reflects a 
general lack of interest on the part of both teachers and pu- 
pils to spend time on practical work and the necessary fol- 
low-up activities. Large-scale absenteeism from GCE O- 
level and A-level classes, especially in the months preced- 
ing examinations, shows the negative effect of public 
written examinations on science education. 

The majority of teachers in the primary and junior-sec- 
ondary classes use the equipment that is supplied in order 
to demonstrate the basis for learning, arousing interest and 
for motivating the pupils. Some teachers take the initiative 
in producing their own materials to facilitate learning, 
such as posters, handouts with explanatory notes and ex- 
ercises. 

Using the national languages — Sinhala and Tamil — as 
the media of instruction in schools and universities has 
mixed blessings. Each language has its own rich literature 
and each is amenable to communicating complex ideas 
and philosophies. However, when used for scientific and 
technological communication, they suffer from a lack of 
adequate vocabulary. The creation of new words and the 
absorption of English technical terms have enabled the 
languages to cope with new information. However, trans- 
lating the latest scientific and technological literature and 
printing it for a small national market is a costly and cum- 
bersome exercise. 

There are very few authors who write books and au- 
thoritative papers in the national languages. In neighbour- 
ing India, where Tamil is the mother tongue of a large 
population, higher education and research publications 
are in English. Hence, those who study science and tech- 
nology in the national languages are at a distinct disadvan- 
tage. Engineering, science and technical courses are 
mostly conducted in English, preceded by intensive Eng- 
lish courses to give language proficiency. Action has been 
taken to improve the teaching of English at all levels in 
primary and secondary education. 

A project is underway in school libraries to phase in 
books in English, as well as multimedia material, and in- 
formation and communications technology facilities. This 
will enhance the accessibility of the latest scientific and 
technological information to schoolchildren. Although Sri 
Lanka has electricity and telephone networks that cover 
many parts of the country, there are thousands of schools 
that do not have electricity and telephone connections that 
can support the use of information and communications 
technology. Providing updated books and training teach- 
ers will continue to receive the highest priority. 

School-based assessment (SBA) that has been intro- 
duced to all school grades has been received with mixed 
feelings. Some teachers have complained that their work- 
load has increased significantly. Some parents and chil- 
dren have viewed the procedures as being corruptible and 
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burdensome. Many teachers have adopted SBA as a 
means of monitoring the effectiveness of the total learning 
process and of giving useful feedback to the pupils. The 
attendance in the upper grades has improved considera- 
bly. Many parents have expressed satisfaction that they 
are getting valid information on the progress of their chil- 
dren. The need remains to improve the SBA procedure 
and to incorporate it into the normal teaching/leaming 
process in a less obtrusive and user-friendly manner. 

The introduction of a significant content of technolog- 
ical education into the secondary school curriculum was 
difficult at the outset. There were no technologically qual- 
ified teachers. The teachers and curriculum designers are 
trained in mathematics and science and those teaching 
technical subjects have diplomas in the technical and vo- 
cational trades. Hence the design of curricula, preparation 
of teachers’ guides, and induction and training of teachers 
already in service required extra effort. In the future, it is 
planned to recruit persons with appropriate basic qualifi- 
cations in technology into the teacher service. 

The deployment of teachers in the less-developed and 
disadvantaged areas is difficult. This is particularly so be- 
cause those who are qualified in science and technology 
are mostly drawn from the more developed localities. The 
persons from the backward areas who receive science and 
technology education migrate to urban areas in search of 
better prospects. Hence, underdevelopment is a part of a 
vicious cycle that continues to marginalize the disadvan- 
taged. 

Education should not be viewed solely as a means of 
transferring scientific information and technological 
know-how, but more as a means of enriching peoples’ 
lives in a meaningful manner. More effective use of solar 
radiation, arable land and water, and conservation of for- 
ests require the integration of the best modem practices. 

Modernization cannot be equated simply to the trans- 
fer of technology together with the importing of plant and 
machinery from developed countries. In the context of 
globalization, less-developed countries are used more like 
labour resources that will continue to create wealth for 
developed countries without being able to generate a sur- 
plus for investment in raising the standard of living of the 
people at home. Education should enable our people to 
live in a dignified manner with sustainable and healthy 
life-styles. This is particularly important because recent 
statistics show alarming increases in crime, alcohol and 
narcotics consumption, and child abuse. 

III. MOST RECENT REFORMS (1999 OM WARDS) 

The reforms of primary and secondary education, as de- 
scribed below, form a part of a nationwide thrust to in- 
crease educational opportunities for all and to make 
education consistent with the achievement of worthwhile 
national goals. Every curricular change is examined for its 
consistency with these goals. The following are the na- 
tional goals for education: 

• Development, leading to cumulative structures of 

growth for the nation. 

• Active partnership in nation-building should ensure 

the nurturing of a continuous sense of deep and abid- 
ing concern for one another. 







• The achievement of national cohesion, national integ- 
rity and national unity. 

• The establishment of a pervasive pattern of social jus- 
tice. 

• The evolution of a sustainable pattern of living — a sus- 
tainable lifestyle, which is vital for a future when even 
the provision of air and water cannot be taken for 
granted. 

• The generation of work opportunities that are digni- 
fied, satisfying and self-fulfilling. 

• In the above framework, the institution of a variety of 
possibilities for ALL to participate. In a rapidly chang- 
ing world, such as we live in today, it is imperative to 
cultivate adaptability to change. This must be coupled 
with the competencies to guide change for the better- 
ment of oneself and of others. 

• The cultivation of a capacity to cope with the complex 
and the unforeseen, moving towards a sense of securi- 
ty and stability. 

• The development of those competencies linked to se- 
curing an honourable place in the international com- 
munity. 

This is viewed as a counter to the prevalent tendency to 
preserve a socio-economic stratification of the country 
which has persisted since the time of colonial rule. Ethnic 
and religious variety resulting from many centuries of in- 
teraction and influences has been turned into a source of 
strife and conflict rather than of enrichment. Pressures 
arising from increased population, scarcity of physical re- 
sources, rising expectations of the people, and local and 
foreign commercial interests have to be contained. Some 
of the critical issues that need to be addressed are: 

• Deterioration of the environment and the resources for 
supporting life and the community, such as ground 
water, natural vegetation and soil nutrients; 

• Increasing brackishness of the ground-water in the 
Jaffna peninsula, submerging of fertile valleys in the 
hill country, and deforestation of river catchment 
basins; 

• Insufficient diffusion of wealth and the benefits of 
wealth into the less-developed areas; 

• Increasing isolation from the mainstream of economic 
and social activity; 

• Increasing impotence on the part of the government in 
dealing with the administrative and commercial mech- 
anisms, devices, and processes that are affecting the 
general population; 

• Communication problems that affect each individual 
critically in the spheres of health, education, justice, fi- 
nancial matters and employment; 

• Frustration in coping with life with no support during 
times of high stress and crises, creation of unrealistic 
needs, perceptions of unfairness in the distribution and 
access to the means for coping, ignorance of how to at- 
tain some degree of contentment and peace of mind. 

• Rising expectations due to higher levels of education 
and advertising, without a corresponding improve- 
ment in the means of fulfilling these expectations, and 
rural/urban divisions; 

• Ineffectiveness in law enforcement and a resulting 
sense of insecurity; 

fi 



• Delays in the judicial process and inability to pay for 
legal redress. 

Education reform is expected to contribute to fashioning 
both the infrastructure and superstructure that are neces- 
sary. Beginning from the grade 1, emphasis will be placed 
on the attainment of a set of basic competencies, which in- 
clude: 

• Competencies in communication — using words, nu- 
merical and quantitative data, pictures and diagrams. 
The child should be able to receive and to originate 
communications of an appropriate degree of difficulty. 
Particular emphasis will be given to the improvement 
of the ability to listen for meaning. The communica- 
tions will be presented through a variety of media — 
spoken , written, printed, electronic and symbolic. 

• Competencies related to the environments — social, 
natural and human. Here, the performances expected 
are in the form of selection, correct use, maintenance, 
orderliness and cleanliness, in relation to items in the 
environment. Thinking deductively and inductively 
about them, making value judgements and decisions, 
identifying issues, problem solving and being well in- 
formed about them. 

• Competencies related to the moral, ethical, philosoph- 
ical and spiritual. Ability to identify ethical and moral 
issues, and to make choices and selecting strategies on 
the basis of ethical and moral considerations. Aware- 
ness of principles, rules and criteria for making moral 
choices and ethical conduct. These principles are to be 
based on one’s own religion or personal philosophy. 

• Competencies related to relaxation, recreation and 
pleasure. Ability to relax and rest the body and mind, 
and to use them without pressures. Ability to enjoy 
oneself without hurting and offending others, and to 
take pleasure in aesthetic experiences. Ability to prac- 
tice methods of exercising, massage, yoga and medita- 
tion for recreational purposes. 

• Competencies to learn about and to develop oneself. 
Ability to find information without having to depend 
on others, thus demonstrating self-reliance. Ability to 
organize and store information for future use. Ability 
to explore, observe, investigate and expand one’s own 
experience with a minimum of instruction and guid- 
ance from others. Ability to sharpen the senses and re- 
fine awareness, especially non-verbal awareness. 
Creativity. 

This set is comprehensive and includes aspects that are 
either left out of or glossed over in contemporary formal 
education. Under the reforms assessment procedures, 
teacher education, performance appraisal of personnel, 
school infrastructure and parent and community participa- 
tion are expected to contribute positively to the attainment 
of the competencies. Behavioural indicators of attainment 
can be used in the assessment of pupils. 

Specific aspects of reform that have been introduced in 
schools since 1999 are as follows: 

• Replacing the subject ‘introductory science’ in grades 
4 and 5 with ‘ environment related activities' (ERA) in 
grades 1 to 5. As the pupil progresses through the 
grades, ERA will involve systematic observation, data 
collection and analysis, information gathering and 



communication. This will be reinforced through pupil 
projects. 

• Replacing the subject ‘science’ in grade 6 with ‘ envi- 
ronmental studies' , which integrates science and so- 
cial studies. 

• Development of skills used in formal study and inves- 
tigation in grade 6 as a prelude to formal secondary 
education. 

• Replacing the subject ‘science’ in grades 7 to 1 1 with 
‘ science and technology ' . 

• Making a technical subject compulsory at the GCE O- 
level examination: This subject will be selected from a 
list of available options and will be studied in grades 
10 and 1 1. It will be presented through a mix of theory 
and practice. 

• Replacing ‘botany’ and ‘zoology’ at the GCE A-level 
with 'biology'. In preparing for the A-level examina- 
tion, the subject will be studied in grades 12 and 13. 

• Introduction of practical and technical skills develop- 
ment in grades 6 to 9. This will be done in a phased 
manner so that all schools will be covered by the end 
of 2004. In the intervening period, the subject ‘life 
skills’ as now found in schools is being replaced or up- 
graded in a feasible manner. 

• Progressive introduction of eight technology subjects 
in grades 12 and 13, in preparation for the advanced- 
level examination. The subjects are: civil technology; 
electrical and electronics technology; mechanical 
technology; food technology; bio-resources technolo- 
gy; soft materials technology; and services-related 
technology. The treatment of each subject will not be 
exhaustive. It will be context-based, and arranged so 
that concepts and principles will be presented in a 
comprehensive manner. Topical issues will be focused 
on as points of entry. Laboratories and workspaces 
will be provided to introduce pupils to instrumenta- 
tion, generation of technological information, and ele- 
ments of design. 

In the reformed curricula of all grades the topics and the 
contents of each topic are selected so that there is integra- 
tion of learning across subjects, meta- skills associated 
with education are acquired, meanings are created in the 
mind, and linkages are created with life and the communi- 
ty around the child. 

Education has to connect the child with her or his cul- 
ture in a meaningful and active manner. The home, school 
and the community contribute to this process. Traditions, 
indigenous knowledge and practices, means of testing the 
validity of beliefs, sensitivity and openness to wholesome 
new ideas, and respect for the culture of others are aspects 
of being culturally competent. Preserving one’s own cul- 
tural identity while living harmoniously and effectively 
within a nation with cultural diversity is essential. The 
new curricula will have provisions for allocating time and 
resources for a variety of learning activities focused on 
culture as a component of education so that there is a bal- 
anced development of the intellect. 

The ability to select, learn and apply theory is impor- 
tant in science and technology education. On the one 
hand, a person must have the ability to create complex the- 
oretical models of systems in making valid deductions. 
More importantly, there should also be the ability to think 
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quickly and logically through a set of propositions to ar- 
rive at a conclusion as a part of an overall mental process 
that is associated with human activity and decision-mak- 
ing. 

School-based assessment (SBA) will be an integral 
part of the entire teaching/leaming process. It has special 
relevance in subjects within the sciences and technologies 
group. SBA will help to focus attention and to give due 
emphasis to practical and technical aspects of these sub- 
jects. Science and technology education involves the in- 
culcation of attitudes and approaches to work that happens 
through steady application to situations of interest. Inten- 
sive tutoring to prepare for examinations goes counter to 
such steady application. Practical work, tutorials and 
projects will accompany reading of theory in science and 
technology subjects for the GCE O-level and A-level ex- 
aminations. SBA will be used to ensure that these essen- 
tial tasks are carried out. Results of SBA will be entered 
in the certificates. 

In all grades SBA will be used to reinforce learning 
and to give essential feedback to pupils. As a result of its 
introduction, the daily attendance of pupils has improved 
significantly. SBA instruments and procedures have also 
helped to focus the attention of pupils and teachers. Im- 
provement of school productivity is to be expected. While 
it is premature to arrive at conclusions about the effects of 
SBA, the interest of both parents and potential employers 
has been generated through publicity. They have been in- 
formed of a better procedure and formats for recording 
and reporting of pupil progress. School authorities will 
maintain a record of work done by each pupil in respect of 
subject, and extra-curricular and co-curricular activities. 
Relevant details and attainments will be entered in a pupil 
record book, which will be an official document kept in 
the possession of the student after leaving school. 

Pupil projects at the advanced-level are individual 
projects and group projects. Individual projects involve 
investigation and application of theory in a subject of the 
pupil’s choice. The work will involve reading, informa- 
tion gathering, theoretical formulation, analysis, and pres- 
entation of results and production of a report. Group 
projects are of wider scope. The pupils are free to select 
the topic. A group should preferably include pupils from 
a mix of subject specializations so that the outcome will 
have a multi-disciplinary nature. It is expected that the 
projects address issues or problems of interest to the 
school or its community. The guiding principle is that the 
projects are life enhancing and reinforcing. They should 
result in an outcome that is beneficial to many and dem- 
onstrate a capacity to resolve significant issues. 

Pupils in grade 10 do group projects based in their 
school. They identify an issue or a practical problem, 
which they study in depth to identify means to resolve or 
solve respectively. They involve making systematic ob- 
servations, analyzing data, searching for feasible and op- 
timum solutions, verifying their effectiveness, and 
presentation of their results through demonstrations and 
reports. Surveys done in schools indicate that children are 
highly innovative, conscious of their social responsibili- 
ties, and value the opportunity to work in teams. 

Pupils in junior-secondary grades will do two kinds of 
projects. One kind will be done in grade 9 using practical 



and technical skills acquired in grades 6 through 8. These 
projects have a high science and technology content, and 
will use electronic and mechanical devices and incorpo- 
rate detection and control systems. Schools are encour- 
aged by authorities to hold exhibitions and fairs to show 
the outcomes of their projects to their community and 
pupils of other schools. 

In the second kind of project, teachers supervise pupils 
of junior-secondary grades as they explore locations in an 
area less than 2 km from their school to encounter objects 
and situations pertaining to the concepts they are studying 
in their lessons. These projects reinforce science and tech- 
nology, technical subjects, and environmental studies. 
During trials in rural areas it has been found that effective- 
ness of learning has improved significantly, as indicated 
by the time saved in covering the syllabus and improved 
retention of learned items. 

The contents of every subject in all grades have been 
updated and trimmed to make learning more relevant and 
manageable. An attempt is made to strike a balance be- 
tween content-based and theory-based arrangement of 
contents. Issues drawn from contexts that are more or less 
familiar to pupils are arranged into an order such that the- 
oretical formulations allow a logical sequencing of con- 
cepts and principles. Issues are selected so that they fall 
into topics and topic clusters that are deemed essential and 
interesting. 

Since Sri Lanka has significant variations of social, 
cultural, economic, geographic, and climatic conditions 
across it the curriculum must have aspects that are differ- 
entiated into three layers that are appropriately mixed at 
any given locality. These layers are: national scope; pro- 
vincial or regional scope; local and personal scope. This 
arrangement is relevant in science, technology, and tech- 
nical education. As pointed out by teachers who like to 
work outside big cities, a uniform national curriculum 
does not meet their needs. In effect, it alienates the chil- 
dren as they reach the ordinary-level and advanced-level 
stages. Those who pass the GCE A-level and do not enter 
a university, a technical education institute, or a teacher 
education institute stay unemployed over the longest peri- 
od. Most eventually enter jobs that do not match their field 
of study. This is considered an inefficiency of the system 
because the students at this terminal stage of schooling are 
confined very narrowly to a few science subjects. Since at 
this stage they are on the threshold of adulthood such nar- 
row confinement for a two-year period of intense study is 
seen as disadvantageous. 

The content of national scope is presented through 
guidelines that are centrally produced and distributed 
throughout the country. For pupils in grades up to and in- 
cluding grade 11 textbooks are issued free of charge. 
Those in advanced-level grades have to buy prescribed 
textbooks or study guides. All teachers are educated and 
trained to deliver the national curriculum. Curricular 
changes are introduced to teachers in the field through 
programs conducted by master teachers and resource 
teachers. They are also provided with teacher guides that 
are produced by the National Institute of Education con- 
currently with new textbooks. In the future, textbooks will 
also contain a few pages advising parents how they could 
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be supportive of their children’s education in relation to 
the respective subjects. 

The content of the provincial or regional scope will be 
presented through supplementary readers and lesson ma- 
terials produced at that level. Teachers and officials will 
be provided guidelines and the methodology for working 
out details of curricula. This is considered to be a neces- 
sary development since each of the country’s nine prov- 
inces will be given a degree of autonomy. 

The content of the local segment of the curriculum will 
be activity-based learning and pupil projects. Teachers 
and the community of a school are free to decide on what 
should be included in the curriculum locally. Teachers ob- 
tain the support of community experts in implementing 
the decisions. It is found that there is a high degree of in- 
terest shown and support given by the parents and the 
community and a whole. Projects are clearly helping chil- 
dren and parents to appreciate the relevance and potential 
of education. Before this segment was introduced, formal 
learning was solely focused on certification and job seek- 
ing in the public sector as an escape from poverty. It is ex- 
pected that the new orientation will enable youth to realize 
that there are valid opportunities for gainful work and in- 
dustry in virtually every locality. 

Due to a combination of factors including broad-based 
education, the rate of population growth of the country is 
not as high as in other South Asian countries. However, 
education has not contributed significantly to the ability of 
the people to be more productive and industrious. The ten- 
dency has been for the formally educated persons to aspire 
to a few professional areas or to a secure government em- 
ployment. Higher education and tertiary education aimed 
at middle-level technical and industry related jobs have 
not expanded. Hence, the national workforce is not condu- 
cive to expansion of industrial activity and high produc- 
tivity. Agriculture has not absorbed more advantageous 
technologies and techniques and is practised by the per- 
sons with the least formal education. Off-farm food pres- 



ervation and value addition is not prevalent. 
Consequently, there is much wastage and uneconomical 
use of food material. 

Service industries and foreign employment can absorb 
persons with education in sciences and modem technical 
areas. It is expected that the curricular changes that have 
been introduced under education reforms will produce 
persons who are more employable and productive. The 
raising of the standards of education and linking education 
to employment through appropriate curricular and struc- 
tural changes is also seen as a precursor to gainful self- 
employment in the rural sector. The widespread use of ap- 
plications of information and communications technology 
will facilitate the opening up of more avenues of employ- 
ment and opportunities for non-traditional economic ac- 
tivity. 

IV. INNOVATIVE USE 

OF NON-SCHOOL RESOURCES 

The National Institute of Education has taken the initiative 
in promoting investigative and creative activities among 
school children through an educational museum project. It 
is in the process of establishing a network of provincial 
level museum units with the institution-based museum at 
the apex. Study of natural history, technological innova- 
tions and inventions, local practices that have a national 
relevance, study of local arts and crafts, and educational 
innovations are among the features that will be promoted 
and supported by the project. 

Some of the largest firms in the private sector have 
committed themselves to promoting the development of 
education through selected interventions. Of particular in- 
terest to them are teaching English, use of information and 
communications technology, and promotion of physical 
education. A foreign contractor on a national project has 
adopted a number of schools in the vicinity for teaching of 
science. 
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TABLE L Who is doing what in scientific and technological curriculum development in Sri Lanka? 
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Thailand 



Nantiya Boonklurb 



Estimated population ( 1 996) 


58,703,0000 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1996) 


4.8 


Duration of compulsory 
education (years) 


6(2) 


Primary or basic education 




Pupils enrolled (1997) 


5,927,902 


Teachers (1992) 


341,122 


Pupil/teacher ratio (1992) 


20:1 


Gross enrolment ratio (1996) 
— Total 


87 


— Male 


— 


— Female 


— 


Estimated percentage of repeat- 
ers (1980) 


8 


Secondary education 




Students enrolled (1997) 


4,097,331 


Gross enrolment ratio (1996) 
— Total 


56 


— Male 


— 


— Female 


— 


Third-level enrolment ratio 
(1996) 


22 


Estimated adult literacy rate 
(2000) 


96 


— Total 
— Male 
— Female 


97 

94 


Note: in each case the figure given 
able. 


is the last year avail- 


Sources: All data taken from UNESCO statistical year- 
book 1999 , Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations and (2) World data on education , Paris, 


UNESCO, 2000. 





I. SCIENCE AND TECHNOLOGY POLICY 

The impact of science and technology on society makes it 
imperative that all citizens in all societies throughout the 
world become literate in science and technology. This in- 
cludes not only science concepts, but also the process of 
acquiring knowledge. In order to achieve science and 
technology literacy goals, the whole system needs to be 
changed; namely the science curriculum, the teaching/ 
learning process, the assessment of students’ outcomes 
and the training of science teachers. 

According to the eighth National Social and Economic 
Development Plan (1997-2002), Thailand must become 
part of the nations of the world and prepare for the coming 
century. The plan emphasizes the development of human 
resources in science and technology. It has two major pur- 
poses: to improve people’s quality of life and to develop a 
nation capable of competing with others in the age of glo- 
balization. 

The Government of Thailand recognized that these 
goals can only be achieved through the education system. 
Therefore, the National Education Plan has stated that the 
primary goal is education for all citizens. Moreover, the 
new Constitution (1997) emphasizes that all individuals 
have an equal right to receive basic government-funded 
education for at least twelve years. 

In 1999, the National Education Act stressed the im- 
portance of science and technology and stated that: 

• The goal of education is to develop Thai citizens phys- 
ically, intellectually and culturally, and to urge them to 
co-operate with others. 

• Teachers must act as facilitators who will encourage 
students to fully develop their potentials. 

• Formal and informal education must emphasize and 
integrate knowledge, values and the learning process 
at each grade level. Students will learn science and 
technology concepts and how they apply to environ- 
mental management and the conservation and sustain- 
able use of national resources. 

• The quality of education will be assessed based on 
many types of measurement, such as observation, 
participatory learning, interviews and reports, as 
well as tests. 

Under the National Education Act of 1999, education is 
decentralized and compulsory and has been extended 
from six years to nine years. Government-funded educa- 
tion, including science education, is available to all Thai 
citizens from year 1 through to year 12. 
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The National Education Act of 1999 emphasizes sci- 
ence and technology education and the Institute for the 
Promotion of Teaching Science and Technology (IPST) 
plays a major role in the teaching of science, mathematics 
and computer education in Thailand. 

II. THE MAJOR ROLES OF IPST 
The major roles of IPST are: 

• To conduct and promote research and development in 
science, mathematics and technology education, in- 
cluding teaching/learning approaches and materials; 

• To conduct and promote in-service teacher training on 
teach ing/leaming science, mathematics, and technolo- 
gy; 

• To revise and update science, mathematics and tech- 
nology curriculum and teaching/learning materials; 

• To establish standards of teaching/leaming science, 
mathematics and technology and evaluating those 
standards. 

IPST has set the following goals to improve and promote 
science education for 2000 and beyond: 

• Use information technology in the science class to in- 
vestigate, collect data and research information; 

• Develop teaching/learning instruction packages; 

• Encourage and develop local curricula; 

• Encourage the development of a database for science 
teachers; 

• Promote the improvement of science teachers with 
self-learning packages and seminars and symposia 
that encourage the exchange of ideas and experiences; 

• Encourage science teachers to teach science as a proc- 
ess of inquiry and problem solving. 

III. STRUCTURE OF THE SCIENCE CURRICULUM 

The present education system, in accordance with the Na- 
tional Scheme of Education of 1992, is 6:3:3:4+ for pri- 
mary, lower secondary, upper secondary and higher 
education respectively. However, pre-school education is 
also provided. 

The national science curricula objectives set up by 
IPST are as follows: 

• To understand principles, concepts and theories of 
basic science; 

• To understand the nature of science; 

• To promote the process of learning science and re- 
search in science and technology; 

• To promote an open-minded, rigorous attitude towards 
science; 

• To understand the inter-relationship and impact of sci- 
ence, technology, humanity and the natural environ- 
ment; 

• To demonstrate applications of science and technolo- 
gy in daily life and society. 

At the lower secondary level, general science courses are 
offered as core-compulsory and elective ones. 

At upper secondary education level, students are di- 
vided into science and non-science stream. The science- 
stream students are those who intend to pursue higher ed- 
ucation in pure science, applied science, technology and 
other science-related areas. The non-science students are 
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those who do not intend to pursue education in science 
and the science-related areas (Table 1). 

For the science-stream students, physics, chemistry, 
biology and environmental science are offered as compul- 
sory elective and free elective courses. For the non-sci- 
ence stream, various units (modules) on physical and 
biological science are offered. 



TABLE 1 . Science courses for upper secondary 
school level (non-science-stream students) 



Biological science 


Physical science 


Food and health 


Solar energy 


Medicine for life 


Light 


Genetics 


Matter 


Our bodies 


Electricity 


Evolution 


Sound in daily life 
Earth and stars 
Natural resources 
and industrial dyes 



IV. THE NEW CURRICULUM ACCORDING TO 
THE NEW NATIONAL EDUCATION ACT 1999 

According to the National Education Act 1999, eight areas 
of basic education are now identified: 

• Health and physical science; 

• Arts, music and drama; 

• Mathematics; 

• Thai language; 

• Social studies; 

• Science and technology; 

• Foreign language; 

• Work-oriented and careers. 

Science and technology will be offered and specific cours- 
es from primary education through secondary education. 
As for basic education, according to the National Educa- 
tion Act of 1999, IPST is establishing standards of science 
education. This standard comprizes two parts. The first 
part is science that must be attained by all students. The 
second part is the standard that must be met by all students 
who need more background in science and technology for 
further education. These standards are still being devel- 
oped. 

V. TEACHING/LEARNING APPROACHES 
AND STRATEGIES 

IPST has incorporated the inquiry approach in teaching/ 
learning science, mathematics and computer teachers for 
years. However, there are limitations such as class sizes, 
lack of science equipment and shortage of qualified teach- 
ers that affect the outcome. The system of entrance exam- 
ination to higher education is also a major hurdle to 
effectively teaching/learning science. The testing is in- 
tended to emphasize both content and the learning proc- 
ess, but students have demonstrated they are more 
interested in passing the examination only as a means to 
being admitted to a certain university. 

Fortunately, the National Education Act of 1999, pro- 
poses the following reforms: 
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• Provide substance and arrange activities to meet stu- 
dents’ interests and aptitudes, bearing in mind individ- 
ual differences; 

• Stimulate the thinking process and promote manage- 
ment, coping with situations and applying knowledge 
to obviate and solve problems; 

• Organize activities for learners to draw from authentic 
experience; drill in practical work for complete mas- 
tery and enable learners to think critically, acquire 
good reading habits and maintain a thirst for knowl- 
edge; 

• Achieve, in all subjects, a balanced integration of sub- 
ject matter, integrity, values and desirable attributes; 

• Enable instructors to create the ambience, environ- 
ment, instructional media and facilities for students to 
learn, be well-rounded persons and be able to benefit 
from research. In so doing, both learners and teachers 
may learn together from different types of teaching/ 
learning media and other sources of knowledge; 

• Enable individuals to learn at all times and in all 
places. Seek cooperation with parents, guardians and 
members of the community to encourage students to 
reach for their potential. 

The IPST emphasizes the following aspects for quality 

science teaching: 

• Inquiry-based teaching/learning process; 

• Higher-order thinking process; 

• Scientific process; 

• Communication and decision; 

• Project-based skills; 

• Using Information Technology (IT) for teaching/ 
learning; 

• Learning how to learn. 

In 1999, IPST launched IT policy in teaching science and 

mathematics in upper secondary school. 



IPST intends to train teachers to use IT in science 
classes in the following: 

• Planning and reporting experiment; 

• Analysis of data; 

• Retrieving of data and information from database; 

• Collecting data from experiments using devices such 
as light, temperature, humidity, pressure and sound 
sensors. 

Using IT in science instruction will enable students to uti- 
lize computers to search for information from many data 
sources. At this stage, IPST has initiated IT-assisted ex- 
periments in the upper secondary level in chemistry, biol- 
ogy and physics, using probes and sensors. 

IPST also recognizes the importance of the teachers, 
and has implemented the teacher- training scheme. In an 
attempt to have nationwide teacher training, IPST has 
trained the so-called ‘master-teachers’ who will return to 
their homes and teach teachers in their areas. So far, IPST 
has trained 1,400 primary master teachers in science and 
mathematics, 1,200 lower secondary master teachers in 
science and mathematics, and upper secondary master 
teachers (chemistry 400, biology 400, physics 400, physi- 
cal and biological science 205, mathematics 400, and 
computer 600). 

In conclusion, IPST has been responsible for science 
education in the nation. It has been recognized as the 
national institution in this field. It works towards the goal 
to make science curricula more applicable to the needs of 
the modem economy, to increase the effectiveness of the 
methods of teaching and learning, to develop training pro- 
grammes that give skills appropriate to the modem curric- 
ula and to offer various programmes suitable to different 
groups of learners, for the quality of school science. 

More importantly, IPST has worked towards a science 
learning society, which is the major goal of education pol- 
icy of the new century. 
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TABLE 2. Who is doing what in scientific and technological development in Thailand? 
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PART III: 

CURRENT TRENDS AND 
MAIN CONCERNS AS REGARDS 
SCIENCE CURRICULUM DEVELOPMENT 
AND IMPLEMENTATION 
IN SELECTED STATES IN EUROPE 
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France 



Pierre Malleus 



Estimated population (1996) 


58,333,00 (1) 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1996) 


6.0 


Duration of compulsory 
education (years) 


12(2) 


I. Primary or basic education 




Pupils enrolled (1996) 


4,004,704 


Teachers (1996) 


211,192 


Pupil/teacher ratio 


19:1 


Gross enrolment ratio (1996) 
— Total 


105 


— Male 


106 


— Female 


104 


Estimated percentage of 


4 


repeaters (1991) 




II. Secondary education 




Students enrolled (1996) 


5,979,690 


Gross enrolment ratio (1996) 
— Total 


111 


— Male 


112 


— Female 


111 


Third-level enrolment ratio 
(1996) 


51 


Estimated adult literacy rate 


— 


Note : in each case the figure given is the last year avail- 


able. 




Sources: All data taken from UNESCO statistical year- 
book, 1 999, Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations and (2) World data on education , Paris, 


UNESCO, 2000. 





I. THE STATUS OF SCIENCE AND TECHNOLOGY 

TEACHING 

1. Legislative framework 

Defining and applying education policy is the responsibil- 
ity of the government within a general framework laid 
down by the legislature, which, under the Constitution, 
merely establishes ‘general principles’ applicable to the 
teaching system. Within the government, the Minister of 
National Education, Research and Technology is respon- 
sible for education policy. 

The French education system used to be extremely 
centralized. When it was decided in 1982 to transfer au- 
thority and responsibilities in a number of areas from the 
State to the territorial communities, France embarked on a 
major decentralization exercise that radically altered the 
respective powers of the State administrative authorities 
and the territorial communities. The State does, though, 
retain an important role: it is answerable for the smooth 
functioning of public services and the consistency of 
teaching. 

The 1982 and 1983 acts on decentralization assigned 
France’s regions and departments a markedly greater role. 
The regions were given responsibility for building (or ex- 
panding), repairing and operating the ‘ lycees 9 (higher sec- 
ondary schools), the departments were given the same 
responsibilities for the ‘ colleges' (lower secondary 
schools), and the communes were tasked to do the same 
for primary (infant and elementary) schools. 

2. The basic principles underlying teaching in France 

France has non-compulsory infant schools. They take in 
children from the age of 2 upwards, free of charge but sub- 
ject to the availability of space. Schooling is free and com- 
pulsory between the ages of 6 and 16 — i.e. elementary and 
lower secondary school. On average, pupils finish lower 
secondary school — which lasts four years if they do not 
repeat any classes — at the age of 15. In theory, to meet the 
compulsory schooling requirement, pupils who have not 
been held back a class must therefore undergo at least one 
year of full-time education either at a general and techni- 
cal lycee or at a vocational lycee (see Appendix I). 

The decree of 30 August 1985, as amended, accorded 
colleges and lycees autonomy over pedagogical and edu- 
cational matters in their general administrative arrange- 
ments. The result was a plan of establishment, developed 
under a procedure laid down in the Act of 10 July 1989 
defining the general thrust of education. 
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This made education the country’s top priority, and set 
the objective of ‘raising an entire age-group, ten years 
from now, to at least the level of a certificat d’ aptitude 
professionnelle [certificate of vocational ability] or brevet 
d’ etudes professionnelles [vocational studies diploma], 
and 80% of it to the baccalaureate level’. 

The five-year Work, Employment and Vocational 
Training Act of 20 December 1993 assigned the national 
education system special responsibility for helping 
school-leavers to find jobs, establishing the principle that 
‘before leaving the education system every young person, 
whatever level of instruction he or she may have reached, 
must have been offered vocational training’. 

3 . Financing 

Teaching, educational and counselling staffs are paid by 
the State. Nowadays, however, the territorial communities 
are responsible for the assets and operation of school es- 
tablishments: 

• the regions, for higher secondary schools ( lycees ) and 
specialist institutions (regional special teaching estab- 
lishments); 

• the departments, for lower secondary schools (colleg- 
es)', 

• the communes, for primary schools (infant and ele- 
mentary). 

4. Science and technology at elementary school 
( ages 6-11) 

The science and technology teaching in the curriculum is 
an accompaniment to instruction in the basic skills of 
reading, writing and arithmetic. It is not offered consist- 
ently, and depends on the abilities of the teacher. The ini- 
tial training of elementary schoolteachers tends to be in 
literary subjects; this is the main obstacle to introducing 
science and technology at elementary school as a standard 
practice. 

5. Science and technology at lower secondary school 
(ages 11-15) 

The purpose of France’s colleges is to educate all chil- 
dren emerging from elementary school, giving them a 
common education as defined by the national curricula. 
Children are provided with textbooks by the school. The 
schools have some latitude for initiative so that they can 
offer learning opportunities suited to pupils’ diverse 
needs. 

Since the May 1996 reform, education at colleges cov- 
ers four classes (years) and is divided into three cycles. 

• Adaptation, covering sixth class only: Schools have 
flexibility in giving effect to a teaching plan centred on 
basic skills, in particular proficiency in French. 

• Central, covering two classes, fifth and fourth: The 
school sets pupils’ schedules within regulatory time- 
brackets. Optional courses, including one on technol- 
ogy, enrich the learning process. 

• Orientation, comprising third class only: Three differ- 
ent ways of arranging the teaching allow pupils to de- 
fine their future ambitions without choosing a 
particular academic stream. A decision on which di- 
rection to follow is taken at the end of the year. 



6. Relative weight of science and technology 

Three subjects fall under the heading of science and tech- 
nology teaching: life and Earth sciences, physics and 
chemistry, and technology. 

During the adaptation cycle , only life and Earth sci- 
ences are taught, with 1.5 hours of instruction in each per 
week. They account for 10.7% of a total of 28 hours of 
teaching. 

During the central cycle , science and technology se- 
quences in smaller teams (three groups for two classes) 
are encouraged. Physics and chemistry, life and Earth sci- 
ences, and technology are taught for 1.5-2 hours per week 
each. Taking the bottom of the bracket for each subject, 
this makes for 4.5 hours out of a total of 20 hours of teach- 
ing in 5 th class (i.e. 22.5%), and 4.5 hours out of a total of 
23 in 4 th class (i.e. 19.5%). 

For the orientation cycle, life and Earth sciences are 
taught for 1.5 hours per week. Technology and physics/ 
chemistry are taught for 2 hours each to 3 rd class pupils 
following the modern languages option. Pupils following 
the technology option have half an hour less of physics/ 
chemistry and three hours more of technology. Science 
and technology teaching in colleges amounts to 5.5 out of 
a total of 28.5 hours of teaching for pupils following the 
modern languages option (i.e. 19.2%), and 8 out of 27.5 
hours of teaching for pupils following the technology op- 
tion (i.e. 29%). 

7. Teaching content 

Exchanges and consistency between scientific subjects 
are encouraged. The same holds true of the links with 
mathematics teaching. 

Adaptation cycle 

For historical reasons dating back to 1992, only technolo- 
gy and life and Earth sciences are taught in the sixth class. 

Central cycle 

Life and Earth sciences. By the end of the cycle, pupils are 
expected to have acquired the following general abilities: 

• to be able to explain the basic functions of the human 
organism; 

• to be able to identify the biological and geological 
components of their immediate or broad environment; 

• to grasp the diversity, unity and arrangement of the liv- 
ing world. 

Physics/chemistry teaching pursues particular objectives 
set forth for both colleges and lycdes. First, it is not merely 
concerned with training future physicists and chemists. 
By means of the experimental approach it should incul- 
cate rigor, critical reasoning and intellectual honesty. It 
should develop both qualitative and quantitative reason- 
ing. The study of matter and its transformation is the do- 
main of qualitative reasoning par excellence , since the 
dominant factors have to be teased out of a complex phe- 
nomenon. 

It must be open towards technology, which for the 
most part has its roots in physics and chemistry. It must 
encourage scientific vocations and, for that reason, be an- 
chored in everyday experience and modern technology. 
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Like other scientific disciplines, physics and chemistry 
have a bearing on political, economic, social and ethical 
choices. 

Physics/chemistry teaching must make it plain that 
these subjects are essential elements of culture by show- 
ing that the world is understandable. The extraordinary 
richness and complexity of nature can be described in by 
small number of universal laws, which together constitute 
a consistent representation of the world as it is. It must 
show that this representation is deeply rooted in experi- 
ence. Physics and chemistry teaching must educate citi- 
zens and consumers in the proper use of the technology 
and chemical products they will find themselves using in 
daily life. Lastly, it must make optimum use of modern 
methods. Emphasis is laid on the use of computers for data 
entry, data processing and simulation. 

Technology . Emphasis is laid on project execution, bring- 
ing into play different options, resources, pupil activities, 
skills and information technologies. 

Orientation cycle 

Life and Earth sciences. Teaching hinges on a return to 
concrete and practical activities in the laboratory. The 
principal notions are to do with genetics, namely unity and 
diversity of human beings, protecting the organism and 
how the organism functions, cell activity and exchanges 
with the environment. 

Physics/chemistry. The starting point for the teaching of 
physics and chemistry is the questions that pupils are apt 
to ask themselves in their daily lives, namely regarding 
materials and in their physical surroundings. 

Technology. The three main areas of concentration are 
project execution, computer-assisted tasks (communica- 
tions, fabrication, automation), and finding solutions to 
technical problems. 



8. Science and technology at senior secondary school 
( ages 15-18) 

The initial year at senior secondary school (lycee) is a time 
for firming up decisions: the choices pupils make do not 
lock them into a particular baccalaureate stream and, their 
results permitting, they can apply for any penultimate- 
year (first) class they like. Once in the penultimate year 
they are committed to a stream leading towards a bacca- 
laureate in a particular mix of subjects. 

Science teaching revolves around practical work done 
by the pupils themselves. Special-purpose facilities (lab- 
oratories, preparation rooms), modem scientific equip- 
ment and laboratory staff are available. For physical 
sciences and technology, official equipment guides de- 
scribe what facilities and equipment are desirable at each 
level. Those investing in the school infrastructure there- 
fore know how much it costs to set up a class, section or 
institution. 

Proportion of science and technology teaching at lycees 1 

The way teaching is organized is under review. The cur- 
rent weekly timetables can only indicate an order of mag- 



nitude since details of the new timetables (September 
2000) have not yet been published. The figures in paren- 
theses refer to times for which class size is doubled. 
Common-core subjects are taught for: 

• Life and Earth sciences'. 5 + (1 .5) hours; 

or Automated systems technology: 0 + (3) hours; 

• Physics and chemistry: 2 + (1 .5) hours. 

All in all, depending on pupils’ choices, this amounts to 
about 5.5 out of a total of 23.5 or 24.5 hours of teaching 
(23.5%). 

Options such as computers and electronics in physical 
sciences (0 + (3) hours), physical science techniques (0 + 
(4) hours) and automated systems technology (0 + (3) 
hours) may flesh out the teaching given, depending on 
pupils’ choices and the subjects offered at each lyc£e. 

Its very up-to-date approach combining computer 
studies, physical measurement and electronics, the flexi- 
bility it leaves teachers and pupils, and the way it enables 
pupils to consolidate the scientific knowledge they have 
acquired have made the computer and electronics option a 
great success with all concerned. 

Penultimate year ( First class). The details given here 
cover non-specialist lycees. 

Science series 

• Life and Earth sciences: 1.5 + (1.5) hours; 
or Industrial technology: 2 + (6) hours; and 

• Physics/chemistry: 2.5 + (1.5) hours. 

Sciences other than technology account for 7 out of 26 
hours of teaching, or 27% of the total. For pupils who take 
technology, the science and technology schedule amounts 
to 12 hours, or 44% of the total. 

All pupils must choose an option. Of the six offered, 
two are scientific: 

• Experimental sciences (life and Earth sciences, and 
physics/chemistry): 0 + (3) hours; 

• Industrial technology : 0 + (3) hours. 

Economic and social series. Science is available only as 
an option: 2.5 + (1.5) hours. 

Literary series. This includes a common core in science of 
2.5 + (1.5) hours. 

Teaching content (second class) 2 

The curriculum described here will come into effect in 
September 2000. 

Science teaching at lycdes is designed first and fore- 
most to make pupils enjoy science by showing them the 
intellectual steps involved, how ideas evolve, and how 
specific bodies of knowledge are built up bit by bit. Sci- 
ence is not composed of certainties but of queries and re- 
sponses that change and adapt over time. Emphasis is laid 
on the general knowledge aspect, but pupils must acquire 
enough basic scientific culture to be able to aim for one of 
the predominantly scientific baccalaureate streams. The 
teaching is designed as a whole, not as an amalgam of dif- 
ferent subjects. 

The curriculum for experimental subjects does not rely 
on the mathematics curriculum either for terminology or 
for the pupils’ final assessment. The thinking behind this 



is that science develops through a constant interchange 
between observation and experiment, on the one hand, 
and conceptualization and modelling, on the other. 

Life and Earth sciences. Courses are devoted to the planet 
Earth and its environment; the organism and how it func- 
tions; and cells, DNA and living entities. 

Physics and chemistry. About 20% of the time is left free 
for teachers and pupils to pursue a topic of their choosing, 
such as: determining the chemical or organic nature of 
something; examining what constitutes matter; transfor- 
mations of matter; space exploration; the universe in mo- 
tion and time; and the air around us. 

Baccalaureate streams (first and terminal class) 

The final certificate of education is the baccalaureate, 
which can be in technology or general education. 

The information given in Tables 1, 2 and 3 illustrates 
three streams (number of candidates, the weekly schedule 
of subjects taught and the weight given to each in the 
examination). French is taught in the first class, and 
pupils are assessed at the end of the year. The same is 
true of history and geography for pupils in technological 
streams. 



TABLE 1. Scientific series S, 166,192 candidates 
(1998) 





Coefficient 


Weekly 

schedule 


French 


4 




Mathematics 


7 


6 


Physics/chemistry 


6 


3 1/3 + 


Life/Earth sciences 


6 


(1.5) 

1.5 + (1.5) 


or industrial technology 


9 


2 + (6) 


History and geography 


3 


3 


Modem language 1 


3 


3 


Philosophy 


3 


4 


PE and sports 


2 


2 


Special subject 

Mathematics 


2 


2 


Physics/chemistry 


2 


0 + (2) 


Life/Earth sciences 


2 


0 + (2) 



The ‘special subject’ is compulsory; pupils must 
choose among the three mentioned. Life/Earth sciences 
include biology and geology, as well as some geophysics. 
In some lycees, industrial technology must be taken in- 
stead of Life/Earth sciences. A special subject is then not 
compulsory. 



TABLE 2. Laboratory science and technology 

series (STL), laboratory and industrial 
chemistry, 1,858 candidates (1998) 



Coefficient Weekly 

schedule 


Physics/chemistry 


7 


7 


Chemical engineering 


3 


0 + (3.5) 


Practical work 


5 


0 + (7) 


Laboratory techniques 


7 


0 + (4) 


French 


3 




History and geography 


1 




PE and sports 


2 


2 


Modem language 1 


2 


2 


Mathematics 


4 


2 + (2) 


Philosophy 


2 


l + O) 



TABLE 3. Electro-technical engineering 

series (STI), 17,144 candidates (1998) 




Coefficient 


Weekly 

schedule 


Building study 


6 


1.5 + (3) 


Study of industrial systems 


9 


2 + (10) 


Applied physics 


7 


3 + (3) 


French 


3 




History and geography 


1 




PE and sport 


2 


2 


Modem language 1 


2 


2 


Mathematics 


4 


2 + (2) 


Philosophy 


2 


1+(1) 


II. CURRICULUM REFORM 






1. Advisory bodies involved 






The National Curriculum Board [ created by the 1989 act 
defining the general thrust of education, is made up of 



members chosen by the minister for their expertise. It of- 
fers opinions and makes suggestions to the ministers con- 
cerned on the ‘overall design of teaching, the main 
objectives to be pursued, how well curricula and subject 
fields match these objectives and how well they lend 
themselves to the development of knowledge’. 
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Members of the Higher Council on Education repre- 
sent the teaching staff in public education, the users (par- 
ents, pupils and students), the territorial communities, and 
associations and groups supporting individual schools and 
the broader aims of education. It offers opinions on any- 
thing to do with education (aims and operation, rules gov- 
erning curricula, examinations, school attendance, etc.). 

2. Reform rationale 

The education system in France has undergone many re- 
forms over the last twenty-five years. The reforms are a 
permanent process of adaptation to various factors. 

• Economic progress creates a need for more qualified 
manpower. It became necessary to extend compulsory 
school attendance to the age of 16 in 1976. The aver- 
age time which a child beginning nursery school can 
expect to spend in education reached exactly 19 years 
in 1995-96, compared with 16.7 years in 1982-83. 

• Changes in society. In only eighty years, France has 
evolved from a mainly rural country to a highly indus- 
trialized one with dramatic breakthroughs in telecom- 
munications and rapid transportation by train and air. 
French society had to adapt quickly and not without 
difficulties and negative fallout. The growing problem 
of violence in schools (mainly in poor neighbour- 
hoods), as well as the increasing number of one-parent 
families, has lead to strong differences in learning 
abilities amongst pupils. This has been taken into ac- 
count in the recent reform of the college. 

• Scientific and technological progress. Knowledge has 
grown at a rapid, nearly exponential, pace. Innovation 
has not only occurred in the content but also in the 
way scientists and engineers see their own activities 
and in manufacturing methods. Curricula in science 
and technology must keep pace with these changes. 
Some teaching tools are obsolete and must be 
replaced (for example, traditional measurements by 
computer-aided data acquisition). The dilemma is to 
decide what content should be eliminated from the 
new curricula. 

In France, curricula and structures are decided at the cen- 
tral level. Although teachers take part in the process of 
elaborating new curricula, it is always necessary to ex- 
plain the reform and help teachers adapt. Several lessons 
have emerged from the French education reform experi- 
ence. 

• As far as possible, the new curriculum should be tried 
out in different schools all over the territory at least 
one year before full implementation. 

• The number and quality of available teachers must fit 
the needs. If not, provide for teacher training. 

• Sufficiently detailed documentation with comments 
and examples of practical work sessions must be pro- 
duced. 

• There should be a body of regional inspectors (at least 
one per subject) who meet with teachers in the schools 
and explain the aims of the reform, show examples of 
assessment, experiments and courses. A team of care- 
fully chosen teachers assists the inspectors. 

• The reform must provide for expenses like new equip- 
ment and special chemical products. 

• Plans for the reform’s evaluation are essential. 



3. General reform procedures 

The procedure for changing curricula has been altered 
several times. A curriculum reform exercise normally in- 
cludes the following: 

• Formulation of a draft curriculum, on the basis of 
specifications drawn up by the minister, by a subject- 
specific working group chaired by a university profes- 
sor or a national education inspector and comprising 
teachers selected by the chairperson(s). The draft is 
forwarded to the working groups addressing other sub- 
jects at the same level. 

• A one-year trial at a number of schools around the 
country. 

• Production of a definitive draft curriculum, which be- 
comes official after it has been before the co-ordina- 
tion and advisory bodies (the National Curriculum 
Board and the Higher Council on Education) and been 
published in the official journal. 

• Production of an accompanying document setting out 
the intentions and limits of the curriculum, describing 
the trials, with a bibliography and academic references 
for teachers, and explaining how it fits together with 
other subjects. 

• Training the trainers — regional education inspectors 
and teacher-trainers. 

• Training given at schools by the regional education in- 
spectors and teacher-trainers. 

• Evaluating curriculum implementation and its effects 
on pupils is the responsibility of the corps of national 
education inspectors. 

• The Department of Curriculum Design and Develop- 
ment conducts an overall evaluation of the education 
system, using sophisticated, up-to-date tools, and un- 
dertakes statistical surveys for the minister. 

Depending on the circumstances, the minister may also 
order national consultations by post or at specially con- 
vened meetings, and may commission reports from the 
corps of national education inspectors or notable outside 
figures. 

4 . A special case 

The procedure followed for technology teaching is differ- 
ent. The draft curriculum for a special subject in the tech- 
nology baccalaureate is drawn up by the corps of national 
education inspectors with teachers in that particular sub- 
ject. The curriculum is first submitted to a Professional 
Advisory Committee, comprising representatives of the 
minister, industrialists in the field concerned who make 
known their requirements, representatives of the industri- 
al and teachers’ unions, and experts in industrial safety. 
Once agreement is reached, the draft goes before the same 
co-ordinating and advisory bodies as other curricula. 

5. Thrust of the reforms completed and underway 

Away from excessive mathematics 

In the 1960s, the teaching and learning of physics and 
chemistry had not really changed for thirty years. These 
sciences were considered as applied mathematics and ex- 
aminations such as the baccalaureate were devised in this 
spirit. No links were made between science and technolo- 
gy and industry. 
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In fact, a strong tradition in France was to value main- 
ly abstract studies and mathematics. Teaching a scientific 
subject only in the form of lessons followed by mathemat- 
ical-type exercises tended to make pupils believe that sci- 
ence was final, perfect, removed from reality and not to be 
questioned. 

The development of a new scientific elite in France en- 
couraged a new way of considering science and its teach- 
ing. Some examples of this new turn of mind: 

• It is better to show how a physical situation leads to an 
equation than to solve the equation. Knowing the in- 
fluence of parameters when they tend to zero or infin- 
ity, and recognizing homogeneity in a formula are 
increasingly valued. 

• It is better to involve pupils in problem-solving exer- 
cises than to teach science as though it were truths 
strung together like pearls on a thread. 

Because mathematics is far easier to assess than science, 
it was the favourite tool of assessment in our education 
system. The assessment of new types of abilities did not 
take place before 1986. Even now, we must be careful not 
to fall back into old habits. 

The introduction of practical work 

Although practical work has been specified in syllabuses 
since as early as 1902, it was considered by many teachers 
as a negligible part of the teaching and learning process. 
Nowadays, comparisons with many foreign countries 
show France at the leading edge of what is called ‘experi- 
mental teaching’ of physics and chemistry. Now practical 
work is done at the secondary level even if it is costly, 
since smaller size classes and scientific equipment are 
needed. It took nearly a quarter of century to change the 
teachers’ minds by: 

• Giving teachers examples of new and interesting ex- 
periments; 

• Convincing older teachers that pupils should not be 
taught science the way they were themselves taught; 

• Leading schools to build laboratories and buy equip- 
ment; 

• Lobbying national or regional decision-makers to con- 
vince them that practical work is worth the investment. 

The development of links to everyday life 
and the environment 

Science must not remain separate from its applications 
and technology. Documents and visits to industrial sites 
should link science learnt at school to the manufacture of 
goods and products, particularly in chemistry. 

Nowadays pupils are taught respect for the environ- 
ment and involve themselves in collecting chemical 
wastes from the school’s laboratory experiments. The en- 
vironment is explicitly mentioned in the syllabus. 

As education for citizenship has become a major con- 
cern, science and technology teaching is addressing this 
topic as well. 

Project j a main a la pate’ (hands-on science) 

With the support of the French Academy of Sciences, 
French physics Nobel Prize winner Georges Charpak has 
developed a new pedagogical process at the elementary 



school called ‘Hands-on Science’. The pupils observe an 
object or a phenomenon and experiment on it. Throughout 
the investigation, the pupils reason, argue and discuss ide- 
as and results. The activities are organized in sessions and 
rely on a curriculum but leave a large amount of autonomy 
to the pupil. The objective is the gradual assimilation of 
scientific concepts and technological know-how. 

The idea is reform teaching methods for 5-12-year- 
olds. Hands-on Science was developed in 1995 and grad- 
ually grew and gained prestige. At the beginning of 1999, 
it had been extended to 4% of all French schools and its 
reputation was visibly much more extensive than that. 

Preliminary research has demonstrated the very posi- 
tive effects of the hands-on methodology, not only in the 
acquisition of scientific knowledge but also in expression 
in the mother tongue, a general broadening of the mind 
and, perhaps, in the acquisition of social skills. The results 
obtained by this method are particularly evident in diffi- 
cult sociological contexts. Of course, one must be careful 
because the teachers may lack the scientific training need- 
ed to infer a correct conclusion and support it with scien- 
tific knowledge. 

It has also been noted that the hands-on methodology 
leads to very positive skills transfer. As they become used 
to thinking in a logical sequence — observation, formula- 
tion of a hypothesis, experimentation, conclusion — chil- 
dren have proved capable of re-using this skill in areas 
other than science. 

Science teaching in schools had declined because peo- 
ple believed that the time spent teaching it was subtracted 
from that spent on fundamental skills (speaking, reading, 
writing and counting). Hands-on Science has provided an 
opportunity to bypass this contradiction by offering a 
method of teaching science that leads to the acquisition of 
fundamental mother tongue and mathematical skills. 

Supervised personal projects 

One important innovation is the introduction of super- 
vised personal projects (TPE), which aim at giving teach- 
ing a direction by helping pupils to understand the 
ultimate purpose of what they are learning. TPE intends to 
develop the ability to work in groups, to extract relevant 
information from documentation, to complete an original 
project and to present the results. TPEs will be used as of 
next September. 

All pupils will thus be given opportunities to learn by 
different means, through motivating and rewarding activ- 
ities. This personal project should find its expression in a 
concrete product (such as setting up a little weather sta- 
tion). The content of the projects must be connected to the 
curriculum and chosen in accordance with a list of themes 
published each year. 

TPEs will call on the schools’ capacity for initiative 
and the resources of the teaching staff. TPEs are being im- 
plemented this year for the first time in four schools per 
region (academie). Many teachers and headmasters fear a 
shortage of rooms, books, documents and a lack of expe- 
rience in teaching this new activity. 

An enduring problem 

In the first two years of college , three scientific or techno- 
logical subjects are taught: biology-geology, physics- 
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chemistry and technology. Physics and chemistry are 
taught only the second year. An integrated and coherent 
teaching and learning of science has yet to be constructed. 

6 . Future perspectives 

A new curriculum is underway, with the main idea ‘less is 
more’ . It insists more on skills than knowledge. Two orig- 
inal features will emerge soon: one is related to the teach- 
ing and learning of science at the elementary school, the 
other is intended to develop new abilities in pupils. 

III. CONCLUSION 

Science and technology teaching takes place at all levels 
of schooling, but to widely differing degrees. It is intended 
that everyone should have such teaching up to the age of 
16. The teaching takes account of the need to educate fu- 
ture citizens. 



There is constant emphasis on scientific questioning 
and increasing progression from the concrete to the ab- 
stract. Practical work by pupils themselves is an expensive 
requirement, but one the teaching system strives to satisfy 
at all levels. Information and communication technologies 
have become essential in modem science teaching. 

Changes in the curriculum are evidence that the educa- 
tion system is constantly adapting to developments in sci- 
ence and society. The setting in which such changes, 
initiated by the minister on the basis of continuous assess- 
ment of the education system, are introduced is one of ex- 
tensive collaboration among the various constituencies 
involved. 

Notes 

1 . The discussion here is limited to the case of general and technolog- 
ical lycdes. 

2. The description here will be confined to the common core, without 
second-class options. 
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FIGURE 1. The French education system 
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Hungary 



Judit Kdddr-Fiilop 



Estimated population (1996) 


10,049,0000) 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1996) 


4.6 


Duration of compulsory 
education (years) 


— 


Primary or basic education 




Pupils enrolled (1995) 


507,238 


Teachers (1994) 


44,585 


Pupil/teacher ratio (1994) 


11:1 


Gross enrolment ratio (1995) 
— Total 


103 


— Male 


104 


— Female 


102 


Estimated percentage of 
repeaters (1992) 


3 


Secondary education 




Students enrolled (1995) 


1,112,149 


Gross enrolment ratio (1995) 
— Total 


98 


— Male 


96 


— Female 


99 


Third-level enrolment ratio 
(1995) 


24 


Estimated adult literacy rate 
(2000) 




— Total 


99 


— Male 


99 


— Female 


99 



Note : in each case the figure given is the last year avail- 
able. 

Sources: All data taken from UNESCO statistical year- 
book, 1999 , Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations. 



I. STRUCTURE OF THE HUNGARIAN 
EDUCATION SYSTEM 

Some special features of the Hungarian education system 
are worth mentioning: 

• There is a parallel adult education system (mainly of- 
fered on a part-time basis), which allows learners a 
second chance to attain higher levels of education; 

• There is a separate system of special education for the 
physically and mentally handicapped with a well-de- 
veloped teacher-training system; and 

• Secondary education is offered in different types of 
schools from Grade IX. In the first eight grades pupils 
follow a similar curriculum in every school — even in 
the Gymnasia, which are rather selective. 

Mandatory school entry age is after the child’s sixth birth- 
day (the ideal age being nearer 7 than 6 at the beginning 
of the school year). However, over 80% of children attend 
kindergarten from age 3. 1 

Compulsory education lasts until age 1 6. It has been ex- 
tended to 18 for those who started school after 1998. In 1996, 
68.5% of young people aged 1 5-19 were enrolled at school. 
This percentage is rather low according to the Organisation 
for Economic Co-operation and Development’s standards, 
but the ratio of early school leavers is decreasing. 

There is a final examination at the end of upper sec- 
ondary education, the so-called ‘Erettsegi’ (Matura). Pass- 
ing this examination is a criterion of entering tertiary 
education. Two main curriculum streams prepare for the 
Erettsegi : the academic secondary school and the vocational 
secondary school. Although there are differences in elective 
subjects, the basic subjects and requirements are the same. 
About 60% of the age cohort pass the Erettsegi examination. 

Secondary level vocational training takes place in vo- 
cational schools and vocational secondary schools. Pre- 
vocational education starts typically in Grade IX, but as of 
1998 onwards, vocational training starts only in Grade XI 
in vocational schools and Grade XIII in vocational sec- 
ondary schools. A growing number of institutions are spe- 
cializing in vocational training, which is a relatively new 
feature of the education system. 

Higher education has become rather diversified in the 
past ten years. Besides the traditional university and col- 
lege courses, a growing number of post-secondary courses 
have been offered. The length of first degree university 
courses vary from nine to twelve semesters (medical stud- 
ies being the longest); college courses vary from six to 
eight semesters. 
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II. ESSENTIAL FEATURES OF THE EDUCATION 
REFORM OF THE 1990s 

The 1990s marked an important change in Hungarian ed- 
ucation policy. With the radical political changes the 
former monolithic State-directed system has gradually 
given way to a market-driven system with substantial lo- 
cal and institutional autonomy. Educational legislation re- 
sponded to the dramatic social and political challenges 
Hungary faced during the past decade (see Table 1). A dy- 
namic adaptation behaviour can be observed in all seg- 
ments of the educational infrastructures. Major challenges 
have included the following: 

• a decreasing size of age cohorts; 

• structural change in the Hungarian economy; 

• large-scale privatization of industry and agriculture 
and its effects on the labour market; 

• the infusion of foreign capital and multinational firms; 

• higher and different demands for skills and knowledge 
in the labour market (shortage of low-level positions); 



• new demands for skills and training formerly used in a 
very limited way (e.g. information technology andinfor- 
mation and communication technology skills, foreign 
language skills, training in law and business, etc.); 

• brain-drain and labour migration, uneven develop- 
ment of regions; 

• public demand for more choice in programmes and 
more education in general; 

• public demand for parental and student freedom of se- 
lecting schools and programmes. 

The education policy’s reponse was a sharp turn towards 
decentralization of planning and implementation respon- 
sibilities, both in the area of curriculum decisions and in 
educational administration. Budget resources are mainly 
planned and distributed by the central government (about 
70% of financing comes from the State budget), but the 
basis for financing is a per capita normative provision 
transferred to education providers such as local govern- 
ments and other (government-dependent) school provid- 
ers like churches and foundations. 



TABLE 1. Legislation related to decentralizing education policy 



1990 Municipalities became owners of primary and secondary schools and were given the responsibility for 
primary and secondary education 

1993 Acts on Public Education, Higher Education, and Vocational Education. Redefinition of responsibilities in 
decision-making concerning planning, implementation and evaluation of education with respect to con- 
tent, organization and budgeting. Typically, planning and implementation responsibilities were decen- 
tralized, whereas evaluation procedures remained centralized, but somewhat underdeveloped 
First publication of the National Vocational Qualification list and qualification criteria 
Accreditation procedures in higher education 

1996 Publication of the National Core Curriculum 

Publication of Erettsegi (secondary final examination) qualification requirements 
Publication of higher vocational qualification criteria 

Extension of general education to Grade X (formerly Grade VIII), thereby postponing vocational training 
Amendment on county responsibilities for student placement in secondary education 
Amendment on post-secondary education in the Act on Higher Education 

1999 Amendment on ‘frame curricula’ for the main types of secondary education 
Amendment on the reorganization of institutions of higher education 



III. DECISION-MAKING CONCERNING 
EDUCATIONAL CONTENT 
Two important features distinguish education policy of 
the 1990s from that of the previous decades: 

• a sharing of responsibilities for content and curriculum 
among the central government, the school and the lo- 
cal educational authorities; 

• a shift from State-controlled and centralized textbook 
production to a market-driven textbook industry with 
quality and quality monitoring by the State. 

Curriculum policy of the 1990s had to take into consider- 
ation the new demands of an open society and a rapidly 
changing labour market that has strong local differences 
influenced by local industry and uneven regional devel- 
opment. There has been pressure on both the central and 
local governments to introduce a larger variety of 
curricula. The demand for foreign languages and infor- 
mation technology has been particularly high, very often 
at the expense of science and mathematics teaching. A 
general demand for more elective subjects in general 
education as well as a demand for longer general 



education and the postponement of vocational training can 
be observed as a lasting tendency. 

To meet these challenges, the government initiated a 
two-tier curriculum control system, which consists of a 
National Core Curriculum describing the common core of 
teaching and learning objectives for the first ten years of 
school education in ten study areas (mother tongue, math- 
ematics, foreign languages, science, man and society, 
Earth and environment sciences, arts, physical education 
and sports, information technology and practical studies). 
The National Core Curriculum has become the common 
basis for curriculum development in all streams of prima- 
ry and secondary education. Schools were required to de- 
velop their local curricula on the basis of the National 
Core Curriculum. This task involved the allocation of time 
for subjects, the translation of content and objectives into 
subjects, the formulation of local goals and objectives, 
and the sequencing of learning content. 

The National Institute of Public Education was 
commissioned to set up a ‘curriculum bank’. The general 
principle was that curricula should be reviewed for compat- 
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ibility with the National Core Curriculum and for format, 
but few other pedagogical criteria of admission were used. 
A special software (Profil) was developed to manage the 
curriculum information system. It was designed to: 

• standardize the way curricula are described; 

• build a ‘curriculum bank’ of available programmes; 

• support curriculum evaluation; 

• support modular planning of educational content; 

• print curricula in a decent document format. 

Reviews and summaries of the curricula were published 
by independent reviewers. On the whole, however, the 
general idea was a kind of marketing rather than control. 
The rapidly developing private textbook industry was also 
encouraged to develop and publish curricula with their 
textbooks and via the curriculum information system. 

Some 500 professionally developed curricula were 
published via the Profil curriculum bank in 1997-98. The 
curricula included varied in quality and level of detail. 
Some were the result of a long development process that 
began in the 1980s. Some of them had a complete set of 
textbooks and teacher books, other were just naive sylla- 
buses. This mechanism to describe the curriculum made it 
easy to detect planning deficiencies. There was also an In- 
ternet publication created from the Profil database that 
schools could use to obtain a printed curriculum docu- 
ment. One publisher specialized in developing printed 
support material for schools who wanted to build their cur- 
riculum from modules. The electronic information system 
was organized in such a way that schools without compu- 
ter facilities could find a service point within a two-hour 
radius. These service points were trained to serve the 
schools by helping them browse the database, by giving 
advice on how to select from the programmes, and by 
printing out the elements they choose. 

The schools could use the published curricula un- 
changed or adapt them to their own needs. Schools were 
free to develop their own curricula as well, as long as they 
met the requirements of the National Core Curriculum. 

Implementation of the National Core Curriculum 
started in 1998. Its reception has been assessed in several 
studies. These show that the National Core Curriculum 
and the new task of developing local curricula were 
received with mixed feelings in the schools. The freedom 
to choose programmes and textbooks, as well as the 
possibility to develop or adapt a programme were 
welcomed. However, more than two-thirds of the schools 
found local curriculum development an extra burden for 
which they were unprepared. Schools complained that 
the extra planning work remained unpaid or underpaid. 
Although the National Core Curriculum gave some 
guidance concerning time allocation, the greatest diffi- 
culty was experienced in setting the timetable for 
subjects. Despite these challenges, the resulting 
ownership had a beneficial effect on teachers' attitudes 
toward the curriculum. More than half of the schools 
found that the curriculum development process enhanced 
communication and group work between teachers of 
different subjects. It was also found laudable that schools 
had access to programme and textbook information. 

The curriculum reform impacted local education poli- 
cy in many ways by: 

• raising awareness of the school's responsibility for its 

own programme; 



• raising awareness of the local school authorities that 
the school's programme is related to its budget require- 
ments; 

• forcing the local administration to negotiate with both 
the schools and political forces to reach consensus 
about educational needs within the local school sys- 
tem; 

• making schools learn content planning. 

The curriculum information system speeded up and, to 
certain extent, monitored change both in the implementa- 
tion of the National Core Curriculum and in the behaviour 
of the textbook market. Since there were many initiatives 
in curriculum development and textbook writing, the Pro- 
fil curriculum writing instrument acted as a kind of tech- 
nical standard for planners as well as a kind of disciplinary 
device for those who were inclined to consider the curric- 
ulum as a ‘table of contents’ rather than a plan with the de- 
scription of aims, objectives, activities, required resources 
and methods of assessment. 

The implementation of the two-tier curriculum control 
system was not easily managed and certainly had undesir- 
able side effects as well. Without an effective national 
evaluation and advisory system the schools were left to 
their own resources. In many cases the local school au- 
thority or the school itself contracted consultants to help 
them plan. Time was too short and the budget too small, 
however, to do more than just formally fulfil the require- 
ments of submitting an acceptable programme document 
to the local authority for approval. If a school had no clear 
goals and realistic objectives, the exercise remained cheap 
lip service. Often schools found the objectives and the 
specific contents described in the National Core Curricu- 
lum insufficient. To introduce more facts and raw knowl- 
edge objectives was a typical reaction of schools that tried 
to ‘show off with their ‘high standards’. In general, the 
average number of classes per week grew, whereas the 
time for elective subjects shrank. Since the Education Act 
limits the government-paid teaching hours, the schools 
had to observe these constraints (unless they could nego- 
tiate for extra hours locally). As a result, many schools 
gave up some of their previously offered extracurricular 
activities to have more space for regular classes. The bur- 
den on students grew. 

It is too early to tell what effect the local curricula have 
had on pupils' progress. It is expected that differences be- 
tween schools will grow. To keep deviations from the 
norm within control, the 1999 amendment to the Educa- 
tion Act made the ministry responsible for defining the 
time table for up to 90% of the teaching time. This is a new 
swing of the pendulum, which should certainly be consid- 
ered as a reaction to the two-tier content control. To what 
extent this will affect the implementation of the National 
Core Curriculum or change it is unclear at this point. 

In vocational education curriculum control has re- 
mained centralized throughout the 1990s, whereas new 
providers (among them many private organizations) en- 
tered the education market. The list of nationally acknowl- 
edged vocational qualifications (National Vocational 
Qualification List) was first issued in 1993 and has been 
maintained ever since. Training and examination require- 
ments have been published for each qualification. These 
describe the syllabus including the amount of time to be 
assigned to each theoretical and practical subject, appren- 
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ticeship type of training and major requirements to be met 
at the qualification examinations. 

The ‘Erettsegi’ national examination requirements 
were published for twenty general subjects and about the 
same number of pre-vocational subjects in 1996. 

To summarize the major changes in curriculum policy 
during the 1990s, it can be said that there has been a shift 
from direct State control of educational content through 
the curriculum and the textbooks towards the monitoring 
of change through a national standard (National Curricu- 
lum) and the publication of output criteria (qualification 
standards and examinations) (see Tables 2 and 3). 

IV. SCIENCE ACHIEVEMENT OF HUNGARIAN 

STUDENTS IN THE PAST THIRTY YEARS 

Hungary has participated in international achievement 
studies since 1970. We have had a national assessment 
system of student achievement since 1986. From the re- 
sults of these and deeper research the following important 
points can be stated. 

Hungarian students used to be at the top of the inter- 
national league table in Grade VIII. The gain between 
Grade IV and Grade VIII was (and still is) very substan- 
tial. In secondary education the yield of the system is dis- 
appointing. In 1970 Hungarian students in the final grade 
of academic secondary education ranked lower than 
Grade VIII students (Comber & Keeves, 1973). In 1983 
on the International Association for the Evaluation of Ed- 
ucational Achievement’s (IEA) Second International Sci- 
ence Study (SISS), Grade VIII pupils still led the league 
table (Postlethwaite & Wiley, 1991). In the most recent 
IEA Science Study (TIMMS) Hungarian eighth graders 
performed above the international average (Beaton et al., 
199 6b) but were not at the top. On the other hand, they 
fell below the international average in the final grade of 
secondary education, despite the fact that the population 
in school covers only 65% of the eligible age cohort. By 
contrast, pupils in Sweden, the Netherlands, Norway, 
Canada, Iceland, New Zealand, Switzerland and Austria 
with a higher percentage of the age cohort achieved sig- 
nificantly higher than the international average (Mullis et 
al., 1998). The tendency of declining achievement is con- 
firmed by national assessments since 1986 (Vari, Tuska 
& Krolop, 1999). 

Bathory, Krollop and Vari (1999) discovered that 
groups of countries show similarities with respect to the 
change in achievement standards towards the end of Inter- 
national Standard Classification of Education (ISCED) 
Levels 1, 2, and 3. Hungary, the Czech Republic and the 
United States show a pattern of growth between Levels 1 
and 2, and a sharp decline at Level 3. By contrast, 
Icelandic, Norwegian and New Zealand students perform 
below the international average on ISCED Levels 1 and 2, 
and above the international average at Level 3. Slovenian 
and Austrian students show a general 'above average' per- 
formance at all three levels, whereas Canadian and Dutch 
students show a sharp and constant development through- 
out. It is remarkable that the grouping is the same in both 
mathematics and sciences and also that the coverage index 
is higher in the countries that are high performers in the fi- 
nal stage of secondary education (Bathory, Krollop & 
Vari, 1999). 



V. SCIENCE AND TECHNOLOGY 

IN THE CURRICULUM AND AT SCHOOL 

Until 1945, the German model of classical secondary ed- 
ucation and the practical Volksschule reigned in Hungary. 
After the Second World War, when the former 4+8 struc- 
ture was changed to an 8+4 structure with the first eight 
years becoming uniform and compulsory for all pupils, 
science education became central to the curriculum for 
both practical and ideological reasons. Besides recogniz- 
ing the need for better science education for all, this study 
area was also thought to support the teachings of ‘dialectic 
materialism’. It is characteristic of those times that in 1948 
religion as a subject was removed from the curriculum and 
the time was reallocated to science subjects (Kadar-Fiilop 
& Bathory, 1990). 

Since the teaching of science enjoyed relative inde- 
pendence from straightforward political manipulation, de- 
velopments in the science curricula, teaching methodology 
and teacher training were almost uninterrupted and fol- 
lowed Central European traditions. A circle of outstanding 
Hungarian scientists and curriculum specialists (Szent- 
Gyorgyi, Szentagothai, Varga, Kontra and G. Marx to 
name a few) proved influential enough to lobby and work 
for science and mathematics education between 1946 and 
1976, even in the worst political periods. The results be- 
came first obvious in the 1970s, when Hungarian eighth 
graders in the first IEA science study proved to be high 
achievers compared to their age cohorts in other countries. 
Technology (technika) is a relatively new subject (estab- 
lished in the 1970s) in the upper grades of the general 
school. Its content has been an issue for many years. In 
Grades I-IV, ‘technika’ replaced the subject ‘manual 
skills’ in the 1970s, absorbing some of the methods of the 
latter. In Grades V-VIII, technika was meant to some ex- 
tent as an introduction to ‘industrial procedures’. At the 
same time, the manual skills approach was maintained by 
curriculum specialists. In the 1970s many schools set up a 
special lab for teaching technology. Since it was a costly 
acquisition, schools relied upon friendly firms in the 
neighbourhood. As a consequence, the content of ‘techni- 
ka’ became the first ‘local curriculum’, strongly influ- 
enced by local opportunities and innovative efforts. The 
1978 curriculum reform tried to standardize the ‘technika’ 
curriculum with the result that it became more theoretical 
than most teachers desired. In the 1990s the time allocated 
to ‘technika’ came to be used for informatics and compu- 
ter literacy, whereas in the National Core Curriculum the 
subject ‘home economy and practical skills’ is separate 
from ‘information technology’. 

VI. THE FEATURES OF SCIENCE CURRICULA 
IN HUNGARY 

Curriculum policy is a crucial issue in influencing the se- 
lectivity of the education system. Curriculum content and 
its method of implementation affect the reduction of drop- 
out through motivational channels as well as through the 
communication of values and requirements. Curriculum 
policy is, of course, a political issue (and a hot one!) for 
this very reason. Surely the symptoms shown in Hungari- 
an science achievement have explanations in the curricu- 
lum as well. 
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TABLE 2. Levels of decision-making and support structures (before 1990) 



Activity 


National level 


Regional/county level 


Community 

level 


School level 


Planning 


Curriculum (syllabus) devel- 
opment (including aims 
and objectives, time allo- 
cation, and content 
description) 

Projects for translating new 
content into curricula 
Textbook development 








Implementation 


Textbook production 
Teacher training 
In-service teacher training: 
‘training of trainers’ 
National mathematics/science 
competitions 
Educational research 


Teacher adviser network 
(from 1985) 
In-service teacher train- 
ing (from 1985) 
Regional mathematics/ 
science competitions 
(from 1985) 




Teaching 


Evaluation 


Development and mainte- 
nance of the national 
examination system 

International assessment of 
educational achievement in 
key subjects (from 1970 
onwards) 

National assessment of educa- 
tional achievement in key 
subjects 

Educational statistics 


Ad hoc assessments 
ordered by the school 
or a local authority 


Supervision of 
schools 
(until 1985) 





A general (and traditional) feature of Hungarian sci- 
ence curricula is that no integrated science subjects exist 
from Grade VI onwards. By comparison, twenty-one out 
of the thirty-nine TIMMS countries teach an integrated 
science subject in Grade VIII (Beaton et al., 1996b). The 
early separation of biology, chemistry and physics results 
in the cultivation of specific ‘languages’ for each of these 
subjects. Since teacher education follows the same rule, 
the knowledge areas have become very segregated with a 
growing theoretical tendency and a fight for hours in the 
timetable. The experiences of several large-scale curricu- 
lum reforms show that this fight always results in content 
overload in all competing subjects. Several studies have 
shown that practical and experimental studies have been 
the weak side of Hungarian science education. On the oth- 
er hand, mathematization fits the theoretical approach and 
this is another specific aspect of science education in aca- 
demic secondary schools. Biology is an exception: the 
methodology of biology education has a long tradition of 
an empirical approach to teaching. 

Issues of science teaching and science curricula were 
taken up in the White Paper on Education published by the 
Hungarian Academy of Sciences in 1970. Eminent scien- 
tists advocated teaching basic scientific principles and sci- 
entific thinking at all levels of education. As a follow-up 
of this ‘academic movement’, a series of curriculum inno- 
vations and teaching experiments were initiated and spon- 
sored by the Hungarian Academy of Sciences and the 
Ministry of Education. The curriculum reform of 1978 



drew mainly upon these studies. Despite these changes, 
the weight of science in the timetable did not increase 
much. At the same time the subject content became more 
theoretical both at the lower and the upper secondary lev- 
els. Because of time pressure and a general overload of 
content in the science curricula (especially in physics and 
chemistry), basic objectives like ‘understanding the ex- 
perimental nature of the scientific approach to reality’ 
could not be attained for lack of equipment and shortage 
of time for student experiments in most schools. The 
shortage of in-service teacher training caused problems 
too. All in all, teachers who were expected to transmit new 
knowledge and implement new methods in many cases 
were unable to cope with the new content themselves! As 
a result in many schools half-truths were taught, which 
were rigorously required to be learnt. 

An equally serious problem has been the ‘ivory tower’ 
nature of science teaching with respect to the practical 
problems and technology. In the closed society that Hun- 
gary was between 1948 and 1990, science education 
served the education of scientists on one hand and believ- 
ers in the scientific ideology on the other. Both aims could 
be met without bothering too much about how to teach the 
use of science in technology or the relations of science and 
technology. The situation changed somewhat with the 
National Core Curriculum. Yet, it is a tradition difficult to 
overcome in the Hungarian education system and it is true 
of both mathematics and science teaching. Besides the 
aristocratic attitude of the teaching profession there might 
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be other reasons: experiential science learning is a costly 
exercise because it is time and resource consuming. More- 
over, teachers must be trained in methods fostering group 
learning, for dealing with ’discipline problems’ in an activ- 
ity class, etc. This is a weak side of teacher training for the 
reasons similar to those in schools: experimental teaching 
is resource demanding. 

The traditions of mathematics teaching may have an 
impact on science teaching as well. Most physics teachers 
are also mathematics teachers. Mathematics as a science 
and the methodology of mathematics teaching is also the- 
ory-oriented rather than pragmatic. The TIMMS results 
show that among the mathematics content areas that are 
used most in science (proportionality, data representation, 
analysis and probability), Hungarian pupils perform more 
poorly than in ‘pure mathematics’ areas like fractions and 
number sense, geometry and algebra (Postlethwaite & Wi- 
ley, 1991). 
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Note 

1. Pre-school education has an excellent tradition in Hungary dating 
back to the early nineteenth century. Theresa Brunswick, a close 
friend of Ludwig van Beethoven, is considered as the founder of 
Hungarian kindergarten education. ‘Curricula’ were developed for 
kindergarten education in the 1 960s and 1 970s, and were successful- 
ly implemented. Kindergarten teachers have been trained at the ter- 
tiary level of education since 1970. 
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TABLE 3. Levels of decision-making and support structures (2000) 



Activity National level Regional/county level Community level School level 



Planning National Curriculum (attain- 

ment targets and core 
content at Key Stages) 
Curricula for each ISCED 
level and major stream 
Projects for translating new 
content into curricula 
Curriculum information sys- 
tem 

Selective support of textbook 
development 



Approval of Adapting and 

school adopting the 

curricula curriculum 

Selection of 
textbooks 



Implementation Textbook information sys- 
tem 

Teacher training (qualifica- 
tion criteria) 

In-service teacher training 
(accreditation of pro- 
grammes) 

National mathematics/sci- 
ence competition 

Funding of educational 
research 



Teacher adviser net- 


Teacher adviser 


Implementation of 


work 


network 


the local cur- 


In-service teacher 


Support of local 


riculum 


training (short 


innovation 


Teaching 


courses) 

Regional mathemat- 
ics/science com- 
petitions 
Methodological 
support for local 
innovation 




Self-development 



Evaluation of the 
school curricu- 
lum and its 
implementa- 
tion 

Evaluation of 
textbooks 
Self-evaluation 

cational achievement in 
key subjects 
Educational statistics 
Textbook approval (text- 
book evaluation) 

Teacher adviser registration 
system 



Evaluation Development and mainte- 

nance of the national 
examination system 
International assessment of 
educational achievement 
in key subjects (from 
1970) 

National assessment of edu- 



Ad hoc assessments 
ordered by the 
school or a local 
authority 



Evaluation of the 
local school 
system 
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Israel 



Moshe Ilan 



Estimated population (1996) 


5,664,000^ 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1994) 


7.6 


Duration of compulsory 
education (years) 


11(2) 


Primary or basic education 




Pupils enrolled (1995) 


631,916 


Teachers (1993) 


48,010 


Pupil/teacher ratio (1990) 


15( 3 ) 


Gross enrolment ratio (1996) 
— Total 


41 


— Male 


— 


— Female 


— 


Estimated percentage of 
repeaters 


— 


Secondary education 




Students enrolled (1995) 


541,737 


Gross enrolment ratio (1995) 
— Total 


88 


— Male 


89 


— Female 


87 


Third-level enrolment ratio 
(1995) 


41 


Estimated adult literacy rate 
(2000) 


96 


— Total 
— Male 
— Female 


98 

94 



Note : in each case the figure given is the last year avail- 
able. 



Sources : All data taken from UNESCO statistical year- 
book , 7999, Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations, (2) World data on education , Paris, 
UNESCO, 2000, and (3) World education report 2000 , 
Paris, UNESCO, 2000. 



I. BACKGROUND OF SCIENCE 

AND TECHNOLOGY EDUCATION 

The Harari report, published in 1993 by the committee ap- 
pointed by the Ministry of Education to examine the state 
of science, mathematics and technology instruction in the 
State of Israel, under the leadership of professor Harari, 
president of the Weizman Institute, cites the overall objec- 
tives of the national project: 

We call upon the Government of Israel to announce a na- 
tional programme for strengthening, deepening and im- 
proving the study of mathematics, natural science and 
technology in all sections of the education system, in or- 
der to prepare the next generation of Israeli citizens for 
life in a scientific-technological era. 

We recommend a long list of measures and activities 
which will be spread over the next five years, so that by 
1998, the jubilee anniversary of the state of Israel, we will 
reach substantial achievements in this area. 

The success of the programme will enable us to enter 
the twenty-first century equipped with the necessary tools 
for a safer and a better tomorrow. 

II. GOALS OF TEACHING SCIENCE 
AND TECHNOLOGY 

There are several goals of teaching science and technolo- 
gy. First, students should know and understand facts, con- 
cepts, laws and principles that every citizen will need. 
These courses develop creative and critical thinking, as 
well as understanding of research methods and enhancing 
problem-solving skills. Greater comprehension of the im- 
portance of science and technology knowledge helps pu- 
pils make decisions regarding national and international 
issues. Science and technology teaching is aimed at recog- 
nizing the possibilities and limitations of both disciplines 
when applying them to problem-solving. These courses 
develop smart consumer thinking and behaviour by using 
a decision-making process when selecting a product or a 
system. Science and technology courses prepare the indi- 
vidual to take care of the environment. Perhaps most im- 
portantly, these courses encourage the development of 
both individual and team learning skills as well as develop 
good work habits. 

III. THE SYLLABUS CHARACTERISTICS 

Science and technology should be integrated, while em- 
phasizing the uniqueness of each subject. There are vari- 
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ous ways to do this — different models should be evaluated 
to show the range of possibilities. The unique components 
of each subject will be emphasized in the school curricu- 
lum. Science and technology teachers choose their curric- 
ulum from the subjects given in the syllabus and decide 
how to integrate them. In order to teach an integrated sub- 
ject well, team teaching is essential. 

IV. RATIONAL 

The rational and the educational principles of the pro- 
gramme are based on two components. First, the student 
should acquire the relevant knowledge, skills and attitudes 
in a variety of key technologies and science principles in 
order to be able to tackle human needs and problems. Sec- 
ondly the student should be able to follow a full process of 
problem-solving within a technological and scientific en- 
vironment. 

V. THE NATIONAL CURRICULUM 

FOR ELEMENTARY SCHOOLS 

The programme ‘Science in a Technological Society’ 
(MABAT) was developed to enhance scientific and tech- 
nological literacy for all, starting at the elementary level. 
The curriculum development stage has been completed, 
and the implementation of MABAT is now in progress 
throughout Israel. 

Some of the topics covered by the programme are en- 
ergy, information, communication, computers, ecology, 
industry as a human organization, and space technology. 
An important part of MABAT is devoted to the significant 
impact of technological progress on the individual and so- 
ciety. MABAT is taught three hours a week in the six 
years of elementary school, thus totalling 540 hours of in- 
struction. 



VI. SCIENCE AND TECHNOLOGY IN JUNIOR HIGH 
SCHOOL (GRADES VII-IX) 

According to the new programme, students receive 540 
hours of instruction in seven main subjects, as described 
in Table 1. 



TABLE 1. Junior high school science 
and technology topics 

Main subjects Hours 

Materials: structure, function and processes 105 

Energy and interaction 90 

Technological systems and products 90 

Information and communication 30 

Earth and the universe 45 

Phenomena, structures and processes in 150 

living creatures (with special emphasis on 
the human body) 

Ecology 30 

Total 540 



VII. SCIENCE AND TECHNOLOGY 

IN HIGH SCHOOL (GRADES X-XII) 

The four main principles taught in science and technology 
in senior high school are outlined in Table 2. Each of the 
principles is addressed in four subject areas (material sci- 
ences, life sciences, Earth sciences, and technology). This 
is the curriculum for those not specializing in science. 
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Netherlands 



H.M.C. Eijkelhof and P.A. Voogt 



Estimated population (1996) 


15,575,0000 


Public expenditure on education 
as a percentage of gross national 
product (1996) 


5.1 


Duration of compulsory 
education (years) 


12® 


Primary or basic education 




Pupils enrolled (1996) 


1,230,987 


Teachers (1995) 


84,900 


Pupil/teacher ratio (1992) 


16:1 


Gross enrolment ratio (1996) 
— Total 


108 


— Male 


109 


— Female 


107 


Estimated percentage of repea- 
ters (1980) 


3 


Secondary education 




Students enrolled (1996) 


1,415,712 


Gross enrolment ratio (1996) 
— Total 


132 


— Male 


134 


— Female 


129 


Third-level enrolment ratio 
(1996) 


47 


Estimated adult literacy rate 


— 



Note : in each case the figure given is the last year avail- 
able. 

Sources : All data taken from UNESCO statistical year- 
book, 1999 , Paris, UNESCO 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations, and (2) World data on education , 
Paris, UNESCO, 2000. 



I. SCHOOL SYSTEM IN THE NETHERLANDS 

The basic structure of the Dutch education system is as 
follows. Primary education is given to children of 4 to 1 1 
years old. At the age of 12 children enter secondary edu- 
cation. Since 1993 pupils then follow a similar curriculum 
in two to four years (basic secondary education), but in 
most schools they are divided in up to four streams: one 
pre-vocational (VBO) and three general streams, called 
MAVO (junior secondary), HAVO (senior general sec- 
ondary) and VWO (pre-university). In upper secondary 
school, students either work towards final examinations in 
VBO and MAVO (one year), HAVO (two years) or VWO 
(three years), enter senior secondary vocational schools 
(MBO, two to four years) or participate in an apprentice- 
ship system (one to four years). 

II. SCIENCE IN THE NATIONAL CURRICULUM 

Recommended number and duration of lessons ( primary 
and secondary education) 

Primary schools are free to decide how to organize the 
timetable and how much time to spend on science. But 
these schools are required to have a timetable; inspectors 
compare those and give comments if only little time is 
devoted to a subject. In most secondary schools lessons 
take fifty minutes, although a trend towards forty-five 
minute-lessons exists. Especially in upper secondary 
science teaching, some double lessons are timetabled to 
allow for more extensive practical work; this is a choice 
made by the schools. Based on a three-year basic 
education curriculum, the government recommends a total 
number of lessons for mathematics, science, technology 
and health subjects: but schools are free to increase or 
decrease these numbers. In senior secondary schools, a 
minimum timetable is prescribed. Schools tend to add 
a few lessons to this minimum. 

Which sciences to be taught — separate or integrated — 
including technology? 

In primary education integrated science (with an emphasis 
on biology, physics, physical geography) is part of the 
subject ‘world studies’. Some technological aspects are 
included. Like other subjects, the class teacher teaches 
science. In basic secondary education the curriculum con- 
tains the subjects physics/chemistry, biology, home eco- 
nomics (including health), information science and 
technology. These subjects are taught by specialists, usu- 
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ally trained at college level. In all senior secondary 
streams the subjects physics, chemistry and biology are 
taught as optional courses. Technology is at present not a 
separate subject in senior general secondary streams. Sub- 
jects are taught by university-trained specialists. 

Realistic data on above 

Evaluation studies have shown that primary schools in 
general do little on physics and focus mainly on biology 
and physical geography contents. The main reasons for 
this one-sided approach to science teaching in primary 
schools are: (i) teachers are not well trained to teach phys- 
ics topics and therefore feel insecure, (ii) most primary 
textbooks have underdeveloped sections on physics, and 
(iii) hardly any external support is available for physics 
teaching, in contrast with support given by various exter- 
nal agencies (local school biological centres and environ- 
mental support services) to biology and environmental 
education. Secondary schools tend to stick to the recom- 
mended number of lessons, but it strongly depends on the 
school administration (science minded or not) and the ne- 
gotiating abilities of the science teachers. Large variations 
exist, especially in basic secondary education. 

Recommended learning activities 

In primary schools, observations, making drawings, dis- 
covery activities and investigations are recommended, but 
the latter two are in practice not very common. In the basic 
secondary science curricula, practical work is strongly 
recommended; also recommended are: studying science 
in daily life contexts, making use of the computer, devel- 
oping general skills (such as communication and decision 
making) and relating science to a variety of vocations. In 
senior biology, physics and chemistry curricula, practical 
skills are required and examined in a school-based practi- 
cal examination. 

Field studies are not recommended as such in senior 
physics and chemistry curricula. In biology lessons, field 
studies are more common. The need of such studies de- 
creased due to the fact that taxonomy of plants and ani- 
mals is no longer part of the curriculum, but increased due 
to the new topic of ecology. Field studies as a whole are 
under pressure as ecological studies in the field are more 
difficult than taxonomic activities (and not all teachers are 
familiar with the former ones) and because of the percep- 
tion of many teachers that the biology curriculum is over- 
loaded. 

Attention to the history of science was recommended 
by the physics curriculum committee, but is not part of 
any of the science syllabuses. 

The topic ‘science in industry’ is included in the senior 
chemistry syllabus, but is not mentioned in the physics 
syllabus. In the biology syllabus agriculture and biotech- 
nology are mentioned as two of the four context areas: this 
is an excellent opportunity to deal with industrial matters. 
The aspect ‘controversy in scientific history’ is not em- 
phasized in any of the science syllabuses. 

National mandatory tests and examinations 

In primary education, the Dutch Institute for Testing and 
Evaluation (CITO) constructs national progress and ad- 
mission tests for mathematics and language. Schools are 



free to use them: many do, but some schools use their own 
tests. Secondary schools use the results of any of these 
tests, in combination with the advice of the primary 
schoolteacher and the wishes of the parents to decide 
about the admission of the pupil. At the end of basic sec- 
ondary education, national tests are obligatory, but the 
form in which they are given is left to the schools. 

National written final examinations are obligatory for 
upper general secondary science courses. VWO-students 
have to sit exams in at least seven subjects. The only ob- 
ligatory subjects are Dutch and one foreign language (stu- 
dents nearly always opt for English). Passing the exam 
means a general entrance qualification to all Dutch uni- 
versities. Universities could only demand that one or two 
subjects have been part of the examination for entrance to 
specific studies, but a pass in these subjects is not re- 
quired. The most demanded subjects are mathematics and 
physics, so by choosing both, a student keeps nearly all 
options for university studies open. 

The examination papers at VWO-level consist mainly 
of open questions. Students’ papers are marked by their 
teacher and monitored by a teacher from another school. 
Only the biology papers still have multiple choice ques- 
tions (50%). Multiple-choice questions are more common 
at VBO, MAVO and HAVO-levels. In all science exami- 
nation papers there is a trend towards questions in experi- 
mental or daily-life contexts. 

New trends and reforms underway 

In the area of primary science, it is generally felt that 
teachers are not sufficiently trained for teaching this sub- 
ject. Another topic of public debate is the many demands 
from outside on teachers in the primary school. All kinds 
of specific interest groups produce materials for primary 
education in those fields. 

Assessment by CITO has shown that the level of per- 
formance in primary science is too low, especially in the 
physics part. The Inspectorate fears that this is particularly 
negative for girls. It also fears that political pressure to pay 
more attention to environmental education may result in 
an even more one-sided teaching of science in primary 
school. A new government steering committee was estab- 
lished recently to promote technology teaching in primary 
schools. 

In the two science curricula (biology and physics/ 
chemistry) emphasis is given to skills, applications (con- 
texts), practical work, role of the computer (physics/ 
chemistry), health education (biology), environmental as- 
pects, science in jobs and the connections with other sub- 
jects. This shift of emphasis is supported by many 
teachers and is reflected in nearly all new textbooks. At 
present, it is not clear how to prepare students well for 
senior secondary schools. The demands set by the Nation- 
al Curriculum are seen as too low for the more able stu- 
dents and some additions seem to be required to enter 
senior science courses and senior secondary vocational 
schools successfully. Most books overcome this by offer- 
ing more depth than required by the curriculum. Another 
critique is of a more pragmatic nature: some schools lack 
laboratory assistance and therefore have difficulties to 
comply with the aims as regards practical work. The gen- 
eral feeling in schools seems to be that students have to 
work harder because of the many subjects. 





A problem raised in discussions on science teaching in 
upper secondary schools is that syllabuses tend to become 
too full because of an increasing number of demands on 
the science curricula: practical work, applications, envi- 
ronmental aspects, technology, computers, modern devel- 
opments of science, skills, etc. Another argument, 
especially put forward by people from outside science ed- 
ucation, is that science syllabuses have become too diffi- 
cult and too much oriented towards studying science at 
university level. As a result, too many students have no 
science in their diploma subjects, which means that edu- 
cated citizens lack an acceptable level of scientific 
literacy. 



III. HOW IS SCIENCE DELIVERED? 

Organization and authority 

The central government is responsible for monitoring the 
quality of education in all schools. By the terms of the 
constitution, groups of citizens are free to start new prima- 
ry and secondary schools if they bring together a mini- 
mum number of pupils and can guarantee a sufficient 
quality of teaching. Schools are also free to decide how at- 
tainment targets are reached and autonomous in all teach- 
ing matters (within the bounds of the law). 

Municipal authorities or school boards govern 
schools. Private schools are mainly set up by Roman 
Catholic or Protestant authorities, but in many of the pri- 
vate schools the Christian character plays a minor role and 
parents’ choice is more based on the general image of the 
school and its distance from home than on its religious 
identity. 

Nearly all secondary schools have separate depart- 
ments for physics, chemistry, biology and technology. 
One of the teachers acts as co-ordinator of the department, 
but in general this person has no special status and re- 
ceives no additional emoluments. 

The government does not approve textbooks. It is up 
to the schools to decide which books to use. 

Resources and funding 

The central government finances all public and almost all 
private schools. Since 1991, financial power has been 
shifted towards the school authorities. 

For the age range 4-16, education is free. Parents only 
pay the school a small — often voluntary — annual parent 
contribution, which is low for public schools and slightly 
higher at private schools. For pupils above 16, parents 
have to pay a school fee. 

Each school has a budget for laboratory furnishings, 
apparatus and libraries. Budgets vary between schools. 
Chemistry departments tend to have the largest budgets, 
followed by physics and biology. In case of innovations 
on a national scale, additional money is provided. Recent- 
ly, for instance, there were decisions to equip technology 
classrooms or to buy computers and software. 

In primary schools, the school owns books. In second- 
ary schools, parents buy textbooks or rent those books 
from the school. The schools provide worksheets, but 
sometimes additional money has to be paid for them by 
the parents. 



Methods of teaching 

Homework is very common in secondary schools but this 
activity is under pressure nowadays as many students are 
deeply involved in other activities, such as jobs, sports and 
entertainment. Many schools have difficulties dealing 
with this problem, partly because the concept of co- 
operative learning has not been implemented on a large 
scale. A growing number of lower secondary schools try 
to limit students’ work to class time or to organize prepa- 
ration periods in the afternoon at school. 

The use of computers has been emphasized during the 
last decade. All schools have computer rooms. In a 
number of curricula, notably mathematics and physics, 
working with computers is obligatory, as it has been de- 
cided at the national level to integrate computer skills as 
much as possible into the various subjects and not to have 
a special subject on this matter. In practice, there are wide 
variations in the way and the intensity with which comput- 
ers are used in the classroom. 

In senior physics education student-led research is 
now part of the curriculum; also in biology a strong trend 
towards open investigations is noted. Another strong trend 
in biology education is teaching how to deal with textual 
and non-textual information. Factual recall becomes less 
important. Various types of biological data have to be 
used in problem solving (e.g. in examination questions). 

Sources of pedagogic innovation 

Pedagogic innovation in science teaching is stimulated by 
several sources: 

• curriculum development projects, often based at uni- 
versities or at the National Institute for Curriculum 
Development (SLO); during the last two decades some 
large projects have been financed by the government, 
especially in primary science (NOB, SLO), physics 
(PLON, University of Utrecht), chemistry (CMLS, 
SLO), biology (SPIN, Free University of Amsterdam; 
PBB, SLO), environmental science (NME-VO, Uni- 
versity of Utrecht and SLO) and computer science 
(University of Amsterdam); 

• in-service training by college and university teacher- 
training centres; 

• national implementation programmes, often carried 
out by research centres (APS, KPC and CPS); such 
programmes are presently in operation for the imple- 
mentation of the new national curricula for basic sec- 
ondary education, e.g. for physics/chemistry in co- 
operation between APS, SLO, CITO and other teacher 
training colleges; 

• school biology and environmental education support- 
centres; 

• teachers organizations take initiatives for projects, 
publish materials and organize local and national 
meetings; the largest one is the Dutch Association for 
Science Education (NVON) with over 4,000 mem- 
bers; smaller ones focus on specific innovations, such 
as the PLON-Association and the DBK-Association 
for physics; 

• science education research; the largest research group 
is based at the University of Utrecht focusing on the 
key areas, such as curriculum structure and conceptual 
change in physics, chemistry and biology; smaller re- 
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search groups operate at some other universities (Uni- 
versity of Amsterdam, Free University of Amsterdam, 
University of Groningen, Technical University of 
Eindhoven); 

• annual 24-hour conferences on physics, chemistry 
and biology education; the physics conference has a 
tradition of almost thirty years and attracts annually 
more than 400 participants; in general the annual 
conferences are becoming increasingly more 
popular events to present and discuss ideas and 
experiences related to pedagogic and curriculum 
innovations; 

• the publishers who provide new textbooks (although 
the market for very innovative curriculum materials is 
limited). 



IV. GOING BEYOND SCHOOL 
Use of out-of-school resources 

As part of science teaching, classes occasionally visit sci- 
ence museums, for instance NINT (Amsterdam), Museon 
(The Hague), Boerhaave (Leiden) and Technology Muse- 
um (Delft). In 1996, a new National Centre for Science 
and Technology (IMPULS) opened in Amsterdam with 
support of government and industry. Special facilities for 
school classes are planned. 

At two places (Rotterdam and ‘s-Hertogenbosch) 
‘technology discovery centres’ are being run for children 
between 4 and 14 years old. These centres attract school 
classes and families, and organize special programmes for 
birthday parties and primary schoolteachers. 

Some science programmes are broadcast by the NOT 
(educational TV). In addition, each working day a 15- 
minute programme (Klokhuis) is televized in which a sci- 
entific or technical topic is explained in an original way. 
For adults, a limited number of education programmes are 
devoted to science (TELEAC). In general, science pro- 
grammes on TV are few in numbers and only some 
schools tape these programmes for use in lessons. Radio 
programmes on science do not exist. 

Another use of out-of-school resources is formed by 
three magazines that publish exercises related to Dutch 
newspaper articles for use in physics (Exaktueel), chemis- 
try (Chemie Aktueel) or biology lessons (Bio-aktueel) in 
upper secondary schools. 

Several field centres offer daily and weekly pro- 
grammes for biology and geography classes. Field trips to 
nature reserves are common only for biology lessons (for 
one or more days), but this type of activity has recently 
come under some pressure due to changes in the senior 
secondary curriculum changes. In primary education, the 
majority of teachers do not go on field trips as part of sci- 
ence lessons, but field trips are slowly becoming more 
popular as a result of the emphasis on environmental edu- 
cation. 

In the Netherlands, the second week of October is by 
tradition ‘Science Week’. Each year this week has a spe- 
cific theme, for instance ‘Surviving’ or ‘Colour’. On the 
first Sunday of this week, many laboratories open their 
doors to the public for visits, lectures and hands-on activ- 
ities (especially for young people). 



Public science-based issues within lessons 

The use of public science-based issues has become more 
common in science teaching since 1975. Popular topics 
are the energy problems (nuclear, renewable energy), en- 
vironmental issues (greenhouse effect, ozone depletion, 
pollution), health and biotechnology. 

In biology education, topics such as evolution, abor- 
tion and euthanasia are controversial; they are part of the 
senior biology curriculum but are not examined in the na- 
tional examination papers, only in school examinations to 
allow schools to teach those topics according to the edu- 
cational philosophy of the schools. 

Emphasis in public science-based issues is given to the 
subject lessons, but these issues are sometimes dealt with 
in school projects, in which science teachers co-operate 
with colleagues responsible for other subjects. 

Science clubs and cultural associations 

National Olympiads are organized annually for biology, 
chemistry, physics, mathematics and computer program- 
ming. The first round is held at schools and the second (fi- 
nal) round, mostly at a university. The national winners 
participate in the International Olympiad contests. Only a 
few schools have science clubs and school-based science 
fairs are not common. 



V. TRAINING AND STATUS 
OF SCIENCE TEACHERS 

Initial training 

Primary teachers are educated in primary teacher- 
training colleges and usually do not specialize in par- 
ticular fields. Each college has its own broad curricu- 
lum. Not much time is reserved for science training. 
Recently, a primary science teacher-training book was 
published, which may result in more appropriate at- 
tention to this subject. 

Science teachers for basic secondary education and 
for some senior secondary schools (VBO, MAVO and 
MBO) are trained in secondary teacher-training colleges. 
They have to specialize in one subject and are officially 
only allowed to teach that specific subject. This is 
strange, in view of the fact that physics and chemistry 
are now combined in the new national curriculum for 
basic secondary education. There is a trend at some col- 
leges to give students a broader base in the first two 
years, for instance with courses in chemistry, biology 
and physics. 

Science teachers for the senior secondary schools — 
HAVO and VWO — are trained in a postgraduate year at 
universities. Half of the time is spent on teaching practice 
in one or two schools. 

Decision-making authority for the above 

There is no national curriculum for training science teach- 
ers; curriculum decisions are taken at the institute level. 
Committees that visit all institutions periodically monitor 
the quality of the teacher training (at college and universi- 
ty level). The recommendations of these committees have 
policy implications at the national level. 
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In-service training 

Some colleges now offer courses for junior science teach- 
ers to qualify as senior science teachers. The government 
promotes co-operation between colleges and universities 
in this field, but so far this has not been very successful. 
Participation in a very limited number of in-service activ- 
ities is required for regular salary increments. 

Most initial training institutes organize in-service 
courses for science teachers, for instance as regards new 
examination topics. However, the trend is that subject- 
bound in-service courses are less popular amongst teach- 
ers, in favour of more general courses (e.g. study skills, 
class management and pupil guidance). Increasingly pop- 
ular are annual one- or two-day conferences for specific 
subject teachers: chemistry, biology and physics, which 
also count as in-service training (INSET). 

Budgets for INSET are presently being transferred 
from the colleges and universities towards schools, which 
has resulted in more competition between institutions in 
the field of INSET and in less emphasis on subject-orient- 
ed INSET. Schools tend to use the money for INSET for 
more general educational issues, such as training for study 
skills and class management. 

V. THE DYNAMICS OF CHANGE IN SCIENCE 
EDUCATION 

Tradition 

In The Netherlands there has been a long tradition of divi- 
sion as regards secondary education: 

• a division between State schools, Roman Catholic 
schools and Protestant schools; 

• a division between vocational (VBO) and several 
types of general educational streams (MAVO, HAVO, 
VWO) for pupils from the age of 12 onwards; 

• a division between the cultures of primary and second- 
ary school; 

• a division between the cultures of secondary schools 
and tertiary institutes; 

• a division between the sciences as taught in secondary 
schools. 

Recent developments show that some of these bounda- 
ries are becoming less sharp. Many parents choose the 
school that they consider being the best for their chil- 
dren, irrespective of its religious identity. Larger sec- 
ondary schools are being formed, sometimes combining 
Catholic and Protestant schools. For basic secondary ed- 
ucation, students now follow the same curriculum. 
Some methods common to primary schools (group 
work, working in themes, differentiation) have been 
taken over by secondary schools. Physics and chemis- 
try have been merged into one subject in basic second- 
ary education and a general science subject is now 
compulsory in senior secondary education. However, it 
will take some time before the traditional divisions be- 
come less evident in regular educational practice. For 
instance, interest in the connection between the curricu- 
la of primary and secondary schools is rather small, in 
contrast with the increasing interest in the connection 
between the curricula of upper secondary and higher ed- 
ucation. 



Autonomy of schools 

A strong trend is that primary and secondary schools are 
offered more autonomy in decisions about budgets and 
personnel. Such autonomy offers the school the possibili- 
ty for a large number of policy choices and for developing 
its own identity. However, in secondary schools this trend 
is not always favourable for science teaching. The empha- 
sis is on the school as a whole and the subjects tend to be- 
come less important. This is apparent in the trend to allow 
more (less expensive) junior science teachers to teach sen- 
ior science classes, the lower priority given to subject- 
bound in-service training and the extension of tasks of sci- 
ence laboratory assistants. The influence of national bod- 
ies is decreasing. This raises questions about the quality of 
science teaching in future. At the national level, counter- 
measures should be considered, such as greater support to 
science teachers by universities and professional organi- 
zations, and visiting schemes of experts to monitor the 
quality of teaching in schools. 

Primary schools 

In many primary schools, the teaching of science is not 
satisfactory, although some good work has been done and 
is being done to improve the situation, especially in the 
production of teaching materials. Probably the most im- 
portant reason is the poor training of the teachers. Many 
of them only had science education in their first years in 
secondary schools and the time available to study science 
in the teacher-training colleges is limited. Some educa- 
tionists strongly believe in the usefulness of heavily guid- 
ed teaching materials, which could be used by any teacher 
without much preparation, but it is doubtful that this ap- 
proach will really lead to ‘proper’ science teaching at this 
level. A weak base for improvement is also that science 
education research in the Netherlands has not been carried 
out in primary schools, which is contrary to the situation 
in mathematics where research has played a very impor- 
tant role in innovation of arithmetic teaching at the prima- 
ry level. Unless some teachers specialize in science 
teaching at the primary school and unless science educa- 
tion research takes teaching at primary schools seriously, 
there is not much hope for real improvement. 

General secondary schools 

At secondary school level a rapid change in science 
teaching is taking place. In all science subjects more 
attention is given to relating science to the world 
outside school (‘science in context’), to practical work, 
to the use of computers, to open investigations and to 
modem developments in the disciplines. This does not 
mean that all problems have been solved: for instance, 
in teaching science in context the role of preconceptions 
is underestimated, the importance of practical work by 
students as such is often overemphasized, the real 
potential of computers has not been explored fully, the 
guidance of open investigation is not yet mastered by 
many teachers and it has been difficult to find satis- 
factory ways of teaching the new topics. But, at least 
there have been moves supported by many teachers to 
make science teaching more attractive and educationally 
worthwhile for students. 
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There has been pressure from outside the education 
system to do so, for instance driven by the fear that sci- 
ence and technology studies will decrease in popularity 
and alarm at the low number of girls taking physics and, 
to a lesser extent, chemistry. Many secondary students 
view the sciences as difficult subjects. This perception is 
supported by the difficulty of the examinations, the 
crowded syllabuses, the academic nature of some text- 
books and the teaching styles of some teachers, who were 
themselves educated in the past in an academic way and 
who have had only little pre-service teacher training at 
universities. 

External influences 

In the last decade primary and secondary education have 
been subjected to pressure from a variety of external forc- 



es to pay attention to elements which are not part of tradi- 
tional subjects, such as environmental education, 
technology education, peace education, computer studies, 
etc. Supported with external funds, teaching materials 
have been published. 

In accordance with local tradition, industry has not 
shown much interest in science teaching in general sec- 
ondary schools. Involvement in vocational education is 
much higher. Recently, industry has begun to focus its at- 
tention more on secondary education. One sphere of inter- 
est is the promotion of a positive attitude towards 
technology and technology related occupations. This is 
strongly encouraged by the Ministry of Economic Affairs. 
Other spheres of interest are chemistry education (Associ- 
ation of Chemical Industries) and biotechnology educa- 
tion (Association of Biotechnology Industries). 
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United Kingdom (England) 



Jonathan Osborne 



Estimated population (1996) 


58,144,000<» 


Public expenditure on educa- 
tion as a percentage of gross 
national product (1995) 


5.3 


Duration of compulsory 
education (years) 


12( 2 ) 


Primary or basic education 




Pupils enrolled (1996) 


5,328,219 


Teachers (1996) 


283,492 


Pupil/teacher ratio 


19:1 


Gross enrolment ratio (1996) 
— Total 


116 


— Male 


115 


— Female 


116 


Estimated percentage of 
repeaters 


— 


Secondary education 




Students enrolled (1996) 


6,548,786 


Gross enrolment ratio (1996) 
— Total 


129 


— Male 


120 


— Female 


139 


Third-level enrolment ratio 
(1996) 


52 


Estimated adult literacy rate 


— 



Note: in each case the figure given is the last year avail- 
able. This figure for the total population covers the 
whole United Kingdom. 

Sources: All data taken from UNESCO statistical year- 
book, 1999, Paris, UNESCO, 1999, with the exception 
of (1) Population Division, Department for Economic 
and Social Information and Policy Analysis of the 
United Nations; and (2) World data on education , 
Paris, UNESCO, 2000. 



Compulsory education in England is divided into four key 
stages: Key Stage 1 (ages 5-7); Key Stage 2 (ages 7-11); 
Key Stage 3 (ages 1 1-14); and Key Stage 4 (ages 14-16). 
There are three core subjects in compulsory education: 
mathematics, science and English. The science curricu- 
lum covers physics, chemistry, biology, astronomy and 
the Earth sciences. In recent years, the science curriculum 
has undergone modifications in 1989, 1991, 1995 and 
2000. Technology is a separate subject. 

The aims of the science curriculum are to stimulate 
and excite pupils’ curiosity about phenomena and events 
taking place in the world around them. It also satisfies this 
curiosity by providing them with knowledge. Because sci- 
ence links direct practical experience with ideas, it can en- 
gage learners at many levels. Scientific method is about 
developing and evaluating explanations through experi- 
mental evidence and modelling. This is a spur to critical 
and creative thought. Through science, pupils understand 
how major scientific ideas contribute to technological 
change — impacting on industry, business and medicine, 
and improving the quality of life for all. Pupils recognize 
the cultural significance of science and trace its world- 
wide development. They learn to question and discuss sci- 
ence-based issues that may affect their own lives, the 
direction of society, the environment and the future of the 
world. 

There is a statutory document — the National Curricu- 
lum — that specifies the content and processes of the sci- 
ence curriculum through four programmes of study: 
scientific enquiry; life and living processes; materials; 
and physical processes. The expected learning outcomes 
are specified through as many as eight levels of attain- 
ment. Although the National Curriculum is written cen- 
trally by a government body, schools are required to 
write programmes of study to implement it. Regional 
structures provide support to schools in executing the 
curriculum, while government inspectors monitor imple- 
mentation. Table 1 describes the roles of the central, re- 
gional and local levels of curriculum development in 
England. 

The teaching of science at the primary level must take 
place for at least one hour per week. At secondary school, 
it must take up 12-15% of curriculum time for the 1 1-14 
age group and 15-20% for pupils aged 14-16. During pri- 
mary education, science lessons normally take place in the 
regular classroom, whereas for secondary pupils special- 
ized science laboratories are provided, with a capacity of 
up to thirty pupils. 



99 



110 



There are national tests at age 7, 1 1 and 14, of which 
the results for ages 1 1 and 1 4 are made known to the press. 
The terminal examination takes place at age 16 and is 
aligned with the National Curriculum. The results are also 
published in the national press. Following compulsory ed- 
ucation after age 16, pupils may continue to study five 
chosen subjects at secondary school for one year, at which 
time each subject is examined. Three of these subjects 
may then be studied for a further year, after which there is 
another terminal examination determining entrance to 
higher education. 

Support for science teaching is provided through advi- 
sory schemes written and distributed by the central gov- 
ernment for working with pupils aged 7-1 1 and 11-14. 
Limited advice is also offered on professional develop- 
ment. Commercial publishers produce a wide range of 
textbooks and support materials, and teaching materials 
are also supplied by industrial and charitable organiza- 
tions. Further benefits are derived from an active and 
healthy science teacher organization and a network of re- 
gional advisers. 

Among the successes of recent reforms, it should be 
noted that all sciences are taught to all pupils until the age 
of 16, particularly through the incorporation of science in 
the primary programme. Problems remain, however, in 
ensuring continuity from primary to secondary education. 
It is also to be deplored that the general public has a pro- 
found distrust of science, fearing that unbridled research 
will one day result in an irreversible scientific calamity. 



This attitude can account for a certain reluctance on the 
part of secondary students to pursue a scientific career, 
which may explain today’s shortage of science teachers. 

A further problem is a failure to assess practical scien- 
tific skills. This is probably because it is expensive to do 
so and the measurement procedures are sometimes lack- 
ing. If practical scientific skills are important, they should 
be assessed — for if they do not form part of assessment 
procedures, science teachers immediately conclude that 
they are not important. 

Statistics show that the number of 16-year-old 
students choosing to specialize in scientific studies has 
declined steadily since the mid-1980s from 30% of the 
cohort to less than 20% by 1993. To arrest this decline, it 
is recognized that something must be done to improve 
teaching about science. Among the measures adopted is 
the introduction of more contemporary science into the 
curriculum — such as ‘science and technology in 
society’ — and more student-centred approaches. It is also 
proposed to change the assessment system in order to 
reflect the aims of the science curriculum. 

Other recent developments include an increase in out- 
of-school and informal sources of science teaching, such 
as science centres that provide ‘hands-on’ activities for 
children. Many resources are produced by industrial spon- 
sors, but these are often the result of little market research 
and are therefore poorly used in schools. The growth of 
science on the Internet and a profusion of science-related 
television programmes are encouraging trends. 
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Pupils are tested at age 1 1 and age 14 using exams 
produced by the Qualifications and Curriculum 



PART IV: 

NEW APPROACHES IN SCIENCE 
AND TECHNOLOGY EDUCATION 
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The concept of ‘basic scientific knowledge’: 
trends in the reform in the teaching 
of science and technology in Europe 

Albert Pilot 



I. INTRODUCTION 

What is happening in various countries with regard to the 
concept of ‘basic scientific knowledge’, in particular in the 
Netherlands and other European countries? To what extent 
are countries developing common core curricula, accord- 
ing to which countries would progress towards similar con- 
tents? What is happening in Europe and what are the 
differences that remain between countries about what is 
taught and how it is taught, in connection with their respec- 
tive cultural backgrounds? 

What are the implications of these new trends on the 
management of the education system, both at the central 
and the school levels (training of teachers, reorganization 
of space, use of new facilities, creation of task-based teams, 
etc.)? 

The essential characteristics of the changes in the edu- 
cational context are globalization and the development of 
information and communication technology (ICT). From 
these trends arise changing needs and educational goals, 
especially for science education in primary and secondary 
schools. 

While in this paper I cannot discuss all of these complex 
questions, I try to address the main trends and issues. 

There is a need for more coherent competencies rather 
than separate chunks of knowledge and skills. Explicit 
and tacit knowledge and experiences, skills in using them, 
and their connected attitudes are getting a higher priority. 
I will compare the developments in these trends, using 
different examples from curricula in the Netherlands and 
other European countries. The differences in cultural 
background will become visible in these comparisons. 

Although learning fundamental concepts and 
principles is more important than ever, learning the ever- 
increasing amount of applications, details and specific 
principles of the science disciplines has been replaced by 
learning to use the fundamentals in the situation the pupils 
live in and in the roles that are relevant for their future 
lives as citizens and professional workers. Integration of 
science and technology competencies through problem- 
based learning, project-based learning and the use of case 
studies, or in general learning and working towards a 
outcome or product of the educational activity, is gener- 
ating a strong interest and becoming a basic feature of 
newly developed curricula. Assessment systems and 
criteria are being adapted to this trend, to guide the 
learning and teaching processes and to make valid 
assessment possible. 



Competencies that are central in these innovations are: 
using knowledge of science and technology in one’s future 
life as a citizen and professional worker; being able to 
search for relevant information; investigating and critically 
examining the information; communicating what is 
learned; and designing and developing new outcomes and 
products with this information (Eijkelhof & Kapteijn, 
2000; Vos & Reiding, 1999). 

The tasks and roles of the teacher shift in the direc- 
tion of coaching the learning process and developing 
context-specific learning activities and tasks. The teacher 
as presenter of knowledge is becoming less prominent. 
The infrastructure needed for educational activities is 
changing: more space and facilities for self-directed 
learning activities, facilities for using the Internet and 
other ICT-tools. Task-based team learning supported by 
ICT will define to a large extent the learning activities, 
where the teacher is the coach, the designer of tasks and 
activities, and assessor of the learning results. But cer- 
tainly organizing the learning process of fundamental 
concepts and principles remains a major component in 
the new curricula. 

In this paper I cannot give a concise overview of sci- 
ence education in Europe. Too many countries with too 
many different school systems and curricula make this 
impossible (see e.g. Coughlan, 1999; Black & Atkin, 
1996). Moreover the situation changes every year, 
which makes it difficult to give detailed information 
about the realized curricula. Many ideas exist about the 
intended curricula, but it is impossible to be certain 
about the status of the plans until the implementation is 
far enough along to tell something about their realiza- 
tion. I will try, however, to present the principle devel- 
opments that have taken place, perspectives on their 
implementation and the difficulties that have been en- 
countered. I will illustrate these with a number of exam- 
ples from the Netherlands and other European countries. 
Other papers in this collection will provide more infor- 
mation about details of different countries (UNESCO, 
2000 ). 

This paper concentrates on six of the general trends or 
principles that influence the concept of basic scientific 
knowledge and the development of new programmes. 
Through their influence they play an important role in the 
educational innovations of curricula in this field. These six 
trends are: 

• from teaching towards learning; 
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• from individual learning towards co-operative learn- 
ing; 

• from subject knowledge towards intellectual compe- 
tencies; 

• from separate subjects towards integration of subjects; 

• integration of ITC in all areas; and 

• professional development of teachers. 



II. GENERAL TRENDS IN THE DEVELOPMENT 

OF SCIENCE PROGRAMMES 

7. From teaching towards learning 

The learning process of the student is receiving increasing 
priority in the planning of activities, time tables, sequence 
of subjects, etc., because learning is seen as the key process 
and the student is seen as the one who regulates this proc- 
ess. The teacher’s role develops more in the direction of 
the coach of the learning process, and less as a (verbal) pro- 
vider of information. Learning activities of students (more 
than just listening and reading) are the key points of the new 
curricula. 

A recent example of the implementation of this trend 
or principle is the change of the upper secondary school in 
the Netherlands to the concept of a ‘Study House’ (Pilot, 
1998; Netherlands, 1 9997?). In all programmes, more time 
is devoted to activities that learners themselves organize 
such as working on exercises, working alone or in teams 
on tasks to produce a report on a subject using books, gen- 
eral literature from a library, CD-ROMs or the Internet. In 
science this might also involve experimental work in phys- 
ics, biology or chemistry, under the supervision of teachers 
or laboratory assistants. Competencies in simple research 
or design work is one of the programme’s aims. These com- 
petencies have to be demonstrated in an oral or written re- 
port (e.g. a poster or a web site). The subject of these tasks 
may originate from the teacher but also from the students 
(with the agreement of the teacher). Students work on these 
tasks in different places in the school, such as in the library 
or in a room where a teacher is available for questions and 
coaching, but does no lecturing. But also in normal class- 
room sessions the trend is to implement more activities by 
the students themselves, mainly using study materials that 
have been redesigned for this purpose. 

This change is not easy. Many teachers are accustomed 
to predominately presenting information orally, and hav- 
ing continuous interaction with the learners. Neither is it 
easy for the students — some of them have difficulties in or- 
ganizing their own learning process as they are used to les- 
sons where the teacher organizes the instruction in detail. 
The planning of the time needed for these tasks and learn- 
ing activities is sometimes a problem, because students are 
complaining that they are overloaded with work: new tasks 
have been added, old subjects have not been reduced, and 
the sequence of tasks causes problems because too much 
has to be delivered at one period in the calendar. 

But the trend from teaching towards learning is very 
strong and many innovations in science curricula concen- 
trate on self-organized and self-directed learning activi- 
ties. 



2. From individual learning towards co-operative 

learning 

Students now spend more time in learning situations where 
they work together in teams. Less time is devoted to indi- 
vidual learning in a classroom, individual preparation of 
papers or individual laboratory work. The main reasons for 
this are the need for graduates to be able to work co-oper- 
atively in their future jobs and the effectiveness of student 
learning in teams. And certainly also the availability of 
teacher time for coaching individual learning activities (as 
a consequence of the first trend) is a reason for the impor- 
tance of this principle. 

Co-operative learning has been used in science curric- 
ula for many years, specifically in laboratory work where 
shortage of places and apparatus has always been a prob- 
lem. But nowadays you see more teams where students 
have different roles and tasks in a project or in problem- 
based learning. An example of this is the course Products 
in Chemistry (Aalsvoort, 2000), based on the concept of 
learning chemistry because you need it as a citizen, for life, 
work and for further education. For example, students are 
asked to produce a report on a chemical preservative in 
food through comparative analysis of home-made products 
and industrial products, and consider the effects on the 
quality of food. They play the roles of quality manager, 
production manager, chemical analyst, member of a con- 
sumer organization of, journalist, etc. In the team they have 
their own responsibilities to find and study information, to 
negotiate the report and to produce their view on the prob- 
lems. But they also have to be able to defend the whole re- 
port in their examination. 

Co-operative learning is also used more than before in 
exercises: problem-solving, tasks in experimenting, work- 
ing on a computer simulation programme, etc. Students’ 
interaction, informal feedback and help always have been 
important in learning science, but nowadays these interac- 
tions are more planned by the teachers and the writers of 
study materials. 

Co-operative learning is not easy, but it is a very rele- 
vant method and an important skill to develop. Finding 
time for it is the main problem for students, but most of 
them find it very stimulating. For teachers the main prob- 
lems arise in organizing the planning, the reflection on 
process and results, and certainly the assessment of learn- 
ing results. 

Co-operative learning is a principle that is getting more 
attention in the development of new programmes, in teach- 
er-training courses, in quality assurance activities and in 
the actual curricula (but it is difficult to say how strong the 
change is at this moment). 

3. From subject knowledge towards intellectual 

competencies 

Development of competencies to learn independently us- 
ing books, articles and papers (instead of learning from 
teacher presentations), and the development of skills to 
solve problems in a systematic method, to work in teams 
and communicate, are seen as more important than before. 
Subject knowledge is important, but more as a vehicle to 
be used in the application in productive tasks. 

In the past decades new subjects have been added to the 
programmes as the disciplines developed more knowledge, 
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theories, tools and products. In chemistry we saw new sub- 
jects like biochemistry, analytical chemistry, chemical 
technology, applications in food, pharmaceutics and new 
materials; then information technology was added as well 
as doing research, making a design, etc. This development 
has led to a sediment-like curriculum, where too much has 
been added and too little has been deleted (Vos & Pilot, 
2000). The concept of basic scientific knowledge is seen 
from a discipline-oriented view. The available time for 
learning is not greater than it used to be — it has decreased 
in most cases because other subjects have been added to 
the curricula. This has given rise to overloaded pro- 
grammes that are more superficial in the subjects covered, 
certainly when you consider the results of learning at the 
examination or one year afterwards. 

An important consideration is the following. Many of 
the programmes aimed at the pre-university or pre-college 
training of future scientists. The programmes at the upper 
secondary level were influenced by university staff and 
curricula (Berkel et al., 2000). But only a very small per- 
centage of the students were really going to university or 
college to study one of the science disciplines. And for 
many of the other disciplines where science is considered 
as a prerequisite the science programmes of secondary 
school were seen more as a selection mechanism (‘those 
are the bright students we need’), than that the specific sub- 
jects taught were needed in further training. 

For the teachers at secondary school their subject area 
is very much connected with their status. Being a science 
teacher means that you teach an important and difficult dis- 
cipline, which also has an important place at the university 
and is connected with subjects in the university curricula 
(Berkel et al., 2000). Moving away from the discipline-ori- 
ented university curricula is a difficult and emotional 
change for these teachers, their identification with their dis- 
cipline is at stake. But as far as I can see these changes are 
increasingly accepted by many teachers and policy-makers 
(Fensham, 1999). 

Developments in the direction of competence-based 
learning, problem-based learning and project- oriented 
learning together with assessment methods based on student 
portfolios and dossiers, and reflection on learning results 
and learning processes facilitate this change. In higher ed- 
ucation these innovations started in disciplines like (para) 
medical and technology areas and gained status through im- 
plementation in well-known universities. In the Nether- 
lands we now see a partial but difficult introduction of these 
concepts in secondary school science programmes. 

The challenge for the development of these new pro- 
grammes is to identify key competencies relevant for stu- 
dents at the end of their science study at secondary 
school — for example, communicating about science appli- 
cations in their life as a citizen or in later work as a manager 
or a lawyer. What competencies do they need, what key 
concepts and principles will be relevant a number of years 
after they have left school? Understanding the relation be- 
tween the concentration of components and toxicity might 
be relevant, the differences in properties between the sur- 
face of a material and its components might be another ex- 
ample. We can see from learning results that such issues 
are not included in most programmes today. So other con- 
cepts should be included in the programme and, at the same 



time, many of the present concepts and facts should be 
eliminated. The sequence of introducing the subjects 
should be different to fit into the relevant competencies and 
to build a useful network of concepts for the students. Re- 
ducing the amount of detail from the existing programmes 
and turning around the sequence of reasoning are the most 
difficult tasks for teachers and developers of new study ma- 
terials. 

4. From separate subjects towards integration 

of subjects 

Curricula that consisted of a large number of different sub- 
jects learnt in separate courses made it difficult for students 
to integrate their knowledge later on in other courses and 
in their future work. New curricula have more learning ac- 
tivities aimed at integration of knowledge and skills in 
competence-based learning, problem-based learning or 
project-oriented courses. 

Basic disciplines are important in our thinking: math- 
ematics, physics, chemistry, biology, economics — these 
are the starting points of learning and instruction. But more 
and more, the borders between these disciplines have be- 
come a problem and important developments are interdis- 
ciplinary. When analyzing from a broader perspective, the 
aims of primary and secondary school science can also start 
from themes like energy, food and health. The relevant 
concepts and principles for insight in these themes are com- 
ing from different disciplines. Students should use these 
concepts and principles in an integrated way. 

It is certainly too early to have curricula fully built on 
such themes, but development in that direction is certainly 
visible in a number of cases. The combination of themes 
and more fundamental knowledge is a difficult one; the de- 
sign of programmes where this combination is adequate is 
not easy — teachers find it difficult to teach in unfamiliar 
disciplines and themes and to loosen their ties with their 
own basic field and the status that comes with this identi- 
fication. Also students and their parents are uncertain be- 
cause of the tradition of thinking in disciplines rather than 
interdisciplinary themes. 

Examples of developments towards integration based 
on a combination of fundamental knowledge and general 
themes can be found in Denmark and the Netherlands, but 
certainly this innovation process is a difficult one. Learning 
activities where two or more disciplines have to be com- 
bined by students in project work is one way that seems to 
be fruitful, another is basing learning activities on prob- 
lems that originate in the context of students’ daily lives, 
future roles in society or further learning. An interesting 
programme design is a series of learning units where a 
combination is made of project work that requires integra- 
tion of different subjects and disciplines, and traditional in- 
struction on basic science subjects that are needed for this 
particular project work. 

To illustrate, consider a group project on Vitamin C in 
potatoes: basic knowledge of organic chemistry, reaction 
processes and analytical methods is combined with the 
theme ‘food’ and competencies in the field of research and 
communication. After an introduction to the project task 
and theme, students work on the fundamental concepts and 
principles, including a test. In the second part of the module 
more time is available for project work, additional learning 
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on the theme and the competencies mentioned. Experience 
with this programme design in higher education has been 
very positive and has led to its introduction in secondary 
school. It fits very well in the concept of the ‘Study House’ 
as mentioned before. In section III I will discuss in more 
detail the design of such a module. 

This kind of curriculum design makes it easy, possi- 
ble and quite natural to integrate out-of-school activities 
in to the learning process, not as marginal or add-on ac- 
tivities, but as a relevant and even needed input in the 
project from non-school criteria, products and values. Ex- 
amples of these are information and measuring facilities 
in universities and colleges, input from consumer organi- 
zations and laboratories, information and feedback from 
environmental organizations, professional bodies and in- 
dustry. 

In this curriculum design the concept of basic scientific 
knowledge is influenced by the competencies we aim at in 
the project, by the integration of the subjects and the dis- 
ciplines, and (even more important) by the intended learn- 
ing process of the students. 

5. Integration of information and communication 

technology in all areas 

ICThas become such an important element in daily life and 
in all disciplines that it must become an important element 
of all curricula and school activities. The widespread opin- 
ion is that the use of ICT tools for communication, aca- 
demic and vocational tasks should be integrated in the 
curricula. For different subjects this means different learn- 
ing activities and different tools (e.g. formula manipulation 
in mathematics, computer-assisted cases and games in eco- 
nomics, using digital sources on CD-ROMs and the Inter- 
net for history and languages, communicating through 
computer programmes that facilitate group work and using 
digital or electronic learning environments in all subjects). 

These developments sometimes go very fast, some- 
times with great deception. Political pressure results in 
large programmes to provide computers and Internet con- 
nections (with many problems in up-scaling facilities and 
organization in schools), and there are many problems in 
finding adequate didactical designs and materials for in- 
corporating these developments in to the regular pro- 
gramme. Sometimes publishers and designers of learning 
materials hesitate, other times they are too early in the mar- 
ket (with the additional problem of hardware and software 
that quickly becomes outdated). 

Mainly based on the experiences of higher education, 
I see the most frequent use, the most worthwhile imple- 
mentation and the most successful innovation process in 
the use of general tools, such as word processors and pres- 
entation tools, the use of e-mail and digital sources on CD- 
ROM or the Internet, and the use of subject-based tools and 
information sources (like mathematical tools, tools for 
measuring and handling data in physical, chemical and bi- 
ological experiments, and subject-based sources of infor- 
mation on the Internet). Less successful are computer- 
based learning programmes like exercises, tests and even 
simulations because they require expensive, specifically 
designed software, important changes in didactical and or- 
ganizational models of teaching and, in the opinion of 



teachers and students, they do not have enough added value 
to compensate for the bottlenecks in their implementation. 

The most significant obstacle is the professional devel- 
opment of teachers to use ICT in a way that is relevant for 
the learning process. 

6. The professional development of teachers 

Teaching is a professional activity that needs professional 
and trained teachers: how to give instruction, to coach stu- 
dents in their learning, to assess in an efficient and valid 
way the learning results, how to develop and coach exer- 
cises, cases and project work for the students? With the new 
developments in subjects and programmes, professional 
development is a major bottleneck in all countries. The 
changes in curriculum are very fast compared with the nor- 
mal cycles in schools; major changes in the learning line 
of students will take many years because students are going 
through these programmes over many years, the changes 
in textbooks take many years, changes in examinations and 
aims of the programmes take many years. The learning and 
professional development of large numbers of teachers 
takes time, the motivation of teachers to take part in these 
innovations is sometimes very low, and many teachers feel 
overloaded in their normal work. In general, education has 
suffered from many years of financial cut-backs, leading 
to a situation where facilities and motivation for such large 
and uncertain innovation processes are very low. 

III. A SYNTHESIS 

From the trends discussed here, we can reformulate the 
concept of ‘basic scientific knowledge’ as the concept of 
‘basic scientific competencies’: knowledge, skills and at- 
titudes as one integrated set of abilities that are to be learned 
to do authentic tasks in the real world. The analysis of what 
this means should start by analyzing what competencies 
are needed for relevant tasks. For upper secondary schools 
in Europe in many cases the most important tasks will be 
those for studying in higher education, for professional ac- 
tivities and for citizenship. We differentiate among three 
groups of studies: 

• non-science studies (a large group of students); 

• science- related studies; 

• science studies. 

Relevant tasks should be consistent with their assessment 
tasks, such as the final examination at the end of secondary 
school, to make the analysis valid and relevant. For a thor- 
ough analysis, a set of representative cases or projects is 
needed. This analysis will result in a list or map of two sets 
of scientific knowledge: basic and theme-related knowl- 
edge. These include: 

• fundamental concepts; 

• fundamental principles (qualitative and quantitative); 

• methods, systematic approaches, heuristics for apply- 
ing concepts and principles; 

• theme-related concepts, principles and methods. 
‘Fundamental’ means that these concepts, principles and 
methods are useful in many projects and tasks. These will 
be more abstract than the theme- or project- related con- 
cepts, principles and methods that will be primarily con- 
nected with a specific theme or project. To illustrate that 
the distinction between these two groups of scientific 
knowledge does not mean a separation, we refer to Figure 1 . 



FIGURE 1. Fundamental and theme-related concepts, principles and methods — distinction but no separation 




The definition of ‘basic’ competencies is dependent 
on the context, time, country and the local situation. 
Basic means that it is basic from the point of view of 
the students, their learning aims and goals, their future 
situation of learning and working. The analysis by the 
curriculum developer should start from the cases, 
themes, problems and projects that are to be mastered 
by the student by the end (assessment) of their studies. 
That needs a thorough analysis of a set of well-chosen 
cases. 

The criteria for integration should be formulated with 
the position and situation of the student in mind, the stu- 
dent that will use the knowledge in his or her future activ- 
ities. Figure 2 is an example of a concept map, which 
shows the possibilities to relate this task to groups of con- 
cepts and principles from chemistry and other disciplines. 
This example is drawn from a recent project of Dutch stu- 
dents in upper secondary school. 

A curriculum design that is consistent with this con- 
cept includes modules or units where distinction and inte- 
gration of these two groups of competencies are 
connected in a way that is visible in Figure 3. It is based 
on the previously mentioned experiences with this design 
in higher education in Denmark and the Netherlands. A 
prototype has been developed for experiments in second- 
ary school chemistry classes. 

In Figure 3 the weeks of the programme are noted on 
the x axis, and the percentage of learning time that students 
work on the specified activities and tasks within the pro- 
gramme on the y axis. The module may take six to twelve 
weeks; the curriculum as a whole consists of many modules, 



e.g. three to six in a year, depending on the duration of the 
module. 

In th q first part of the module the learning activities 
start with an introduction to the theme and the tasks of the 
project. The teams are composed. Students receive an ori- 
entation on the subjects and skills that are important in the 
theme, and the organization of the module, including the 
tasks that will be important in the assessment. 

In the second part of the module only a small percent- 
age of time is available for project work because the ma- 
jority is spent in learning activities on the fundamental 
competencies: concepts, principles and methods, and in 
exercises to learn the relevant skills for using these. These 
competencies should be well connected with and neces- 
sary for the work on the theme or project, but also form a 
coherent part of the whole set of fundamental competen- 
cies that are needed in the framework of the curriculum as 
a whole. This second part of the module is completed by 
an assessment of these competencies. Learning and in- 
structional activities, study materials and assessment are 
designed in a more or less conventional form. 

In the third part of the module theme- or project-related 
competencies are central in learning and instruction, but 
more time is available for project work. Independent 
learning can be used in many of these activities, although 
some presentations of subjects and guidance by teachers is 
certainly needed. 

In the fourth part of the module the theme or project 
work gets full attention and students prepare for the final 
presentation of their results and products (e.g. posters, writ- 
ten reports, oral presentations) and the assessment of the 
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FIGURE 2. Example of a concept map showing the relation of a task to a group of concepts and principles 
from chemistry and other disciplines 
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learning results, including the theme- or project-related 
competencies. 

The task of the teacher in such modules will be to a cer- 
tain extent different from before, and that makes training 
and professional development important. Realization of 
the new curriculum is impossible without the motivation 
and competencies of the teachers. Involvement of teachers 
from the beginning of the innovation process is needed, and 



certainly preferable to training after the development of the 
programme and its learning materials. Teachers should 
also be developers of the new programme (they have to do 
the last part of the development — the fine-tuning in their 
classes). Combination of work on development of the new 
programme and the learning by teachers about the new pro- 
gramme should be the starting point of the activities. The 
main issues are: 



FIGURE 3. Sketch of a curriculum module (A = assessment) 



100% 



50% 



Learning 

time 





Project work on the theme in teams 














w 










Main activities 




s 

t 


Learning 

fundamental 

concepts, 










principles 










a 


and 




Theme- or 


posters, 




r 


methods 




project - 


website, 




t 




A 


related 


report 


A 




A 


concepts, 


presen- 


A 








principles 

and 

methods 


tation 





Time in weeks ► 



109 



( ; t 



1 20 



BEST COPY AVAILABLE 



• Teachers should be involved in the design of the mod- 
ules, specifically in the design of theme materials for 
projects; 

• Design activities by teams of teachers also should help 
teachers to understand the characteristics of team work; 

• Exchange of experiences with the coaching of students 
and assessing learning results should have high priority 
in teacher networks (learning from colleagues); 

• Discussions on the background of this curriculum de- 
sign should make it possible to discuss the assumptions, 
the beliefs and presuppositions of developers and 
teachers. 

In this last section I tried to give some impressions on the 
work that is going on, the ideas behind it, the problems we 
face and the activities we are planning. Discussion about 
the problems of science education is needed, but discussion 
on ideas for designs and new programmes that fit in the de- 
velopments in disciplines, schools and the working and liv- 
ing situations of the children and future citizens is also 
needed. 
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Designing an interdisciplinary curriculum 
in science and technology 

Moshe Ilan 



I. THE GENERAL CONCEPTION 

Scientific and technological education for the entire pu- 
pil population is a need based on the premise that ‘sci- 
ence and technology are a part of the general education 
required today, and will be even more necessary in the 
future, for any person capable of contributing to society’. 
This quotation is from a 1993 report of a Supreme Com- 
mittee on Scientific and Technological Education, head- 
ed by Prof. Haim Harari, President of the Weizmann 
Institute of Science. The report has these important con- 
clusions. 

First , science and mathematics are interrelated, and 
affect one another in a variety of unexpected ways. Math- 
ematics and science are the basis for all technological in- 
novations. The boundaries between biology and 
biotechnology, computer science and electronics, physics 
and most technological fields are artificial and outdated. 
Fields such as environmental science, energy and agricul- 
ture cannot be defined as either science or technology, 
having elements of both. In the past, technology was con- 
sidered more of a skill, and work in a technological field 
did not directly or to a great extent involve science. To- 
day, every technological occupation demands an interdis- 
ciplinary scientific background. 

Second, a broad-based approach is required if im- 
provements are to be made in teaching mathematics , sci- 
ence and technology. Good results can only be produced 
through an integration of curricula, textbooks, laboratory 
aids, educational software, well-educated and appropri- 
ately trained teachers, well-equipped and properly main- 
tained laboratories, sufficient classroom hours, and a 
guidance and support system for teachers. 

Third , teaching science and technology , according to 
the interdisciplinary' approach, will expose the pupils to 
scientific and technological content, and will present the 
social contexts , while stressing their interconnections. 
These connections are expressed both at the level of the 
application of principles as well as that of defining hu- 
man-social needs and problem solving with the aim of im- 
proving the quality of life. Science and technology will be 
taught while giving precedence to the needs of the learner 
as a citizen of the future. 

The curriculum for science and technology is based on 
the Science, Technology, Society (STS) approach, which 
integrates science, technology and social studies. This 
curriculum exposes the pupils to content (from the disci- 
plines of life science, materials science, Earth sciences 



and technology), inherent in which are natural interactions 
between the scientific and technological fields within the 
necessary social context, with stress on relevancy to daily 
life at the personal, national and environmental levels. All 
of this is aimed at cultivating a citizen who will have the 
information and skills enabling him or her to deal with a 
rapidly changing reality. 

Yet, it is worthwhile to emphasize that alongside 
teaching with an interdisciplinary approach, care must be 
taken to maintain the validity of the characteristics of the 
disciplines, both the scientific and technological ones, by 
refraining from making forced connections. 

The following principles will be given expression 
within the framework of the science and technological 
studies: 

• learning about phenomena in the world around the pu- 
pil; 

• developing critical modes of thinking, creative-inven- 
tive thinking, understanding of research and problem- 
solving methods; 

• developing the ability to characterize and understand 
complex systems in science and technology; 

• understanding the reciprocities among the fields of 
science and technology and society, which includes: 

- becoming familiar with the nearby physical and 
technological environment, understanding its com- 
ponents, and the links between them; 

- being introduced to examples of knowledge as ap- 
plied to various fields, such as industry, agriculture 
and health; 

- understanding the value of scientific and techno- 
logical knowledge for the purpose of forging atti- 
tudes on topics of national and international 
importance; 

- recognizing the possibilities and limitations of sci- 
ence and technology in solving problems related to 
the environment, man and society, while taking 
into consideration aspects of ethics, values, eco- 
nomics and aesthetics; 

• becoming aware of the historical development of con- 
cepts and its implications for the development of sci- 
ence, technology and society; 

• understanding current theories but with an awareness 
of their limitations in explaining phenomena, which 
includes: 
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- development of skills related to self-study, such as 
the ability to use the library and computerized 
communications or the ability to follow up infor- 
mation in journals; 

- development of the ability to prepare summaries, 
edit tables, graphs and so on; 

- acquiring skills related to research and develop- 
ment (including use of computerized tools) such as 
data gathering, executing simple experiments, 
reaching conclusions, description and reporting; 

- development of the ability for observation and the 
skills for working in the laboratory and in the field 
(measurements, use of instruments and plant 
guides); 

- imparting the skills for teamwork: paying atten- 
tion, expressing oneself, taking personal and group 
responsibility for carrying out the task; 

- developing good habits of work, cleanliness, preci- 
sion and so on; 

• understanding the place, uniqueness and intervention 
of man in nature and the environment; 

• developing an awareness of intelligent consumerism 
involving decision-making processes that include 
weighing the choices for a product or a system, on the 
basis of examination and evaluation; 

• recognizing the value of work and productivity for the 
individual, the economy, industry and society; 

• becoming acquainted with nature in the country with 
its regions, landscapes, physical infrastructure, flora 
and fauna; 

• developing a willingness to foster the values of nature 
and preservation of the environment; 

• developing the interest and desire to expand and deep- 
en one’s knowledge in fields of science and technolo- 
gy* 

II. THE CURRICULUM FOR ELEMENTARY 
SCHOOL 

The main topics for elementary grades are: matter and en- 
ergy; the man-made world; information and communica- 
tions; the Earth and the universe; the world of organisms; 
man, his behaviour, health and quality of life; and ecolog- 
ical systems and quality of the environment (see Table 1). 

Each of the main topics contains specifications of top- 
ics or subtopics on a number of central ideas representing 
important principles related to the core material (and de- 
rived from it), which give proper expression to the rele- 
vant area-related characteristics as well as to their context 
on different interdisciplinary levels. For each main topic 
there must be (for each age group) activities of a laborato- 
ry-experimental nature or workshop type and activities 
outside the classroom such as field trips. 

The science and technology curriculum constitutes a 
spiral development of curricula for the science and tech- 
nology studies ranging from kindergarten through 
Grade XII, with the emphasis on continuous passage 
through the different age units (kindergarten-elementary 
school, junior high school, senior high school). 

The spiral nature of the study of the subject is ex- 
pressed through the building up of knowledge, capabili- 
ties, skills, values and behaviours apt for the perpetual 



development that characterizes each school-level in the 
cognitive, motor and emotional spheres. All of these will 
be treated in the curricula throughout the years of study 
within the framework of the content called for in this top- 
ic, as the teaching progresses from the level of being based 
on concrete phenomena and processes exemplifying prin- 
ciples, through to focusing on qualitative aspects, through 
to the integration of causal and quantitative aspects con- 
nected to processes and systems. 

The results of numerous studies dealing with pupils’ 
ability for conceptualization and the extent of their inter- 
est served as the basis for the selection of the curriculum 
and the planning of the stages of instruction in accordance 
with the pupils’ cognitive ability. 

Each topic is concentrated around main ideas. The 
main ideas represent the important principles expanded 
through the various main topics, some of them being ideas 
stressing aspects of the disciplines relevant to science and 
technology and others being ideas underscoring the inter- 
disciplinary connections. 

The main ideas will assist the teachers on the follow- 
ing points: 

• defining the main aims of teaching any main topic 
with its various aspects; 

• fostering interdisciplinary approaches relying upon 
characteristics of the discipline; 

• planning teaching, both from the aspect of content 
(such as combining the detailed syllabus for the differ- 
ent main topics for a given age level) as well as from 
the developmental aspect, as required by the demands 
of the subject and by the pupils’ development at differ- 
ent ages. 

For example, the main ideas for the topic ‘Materials and 
energy’ are the following: 

• biotic and abiotic objects are made of materials found 
in nature; 

• materials may be characterized and sorted according 
to their origin, their features and the way they are used; 

• man has developed means of measurement to charac- 
terize materials and to identify them; 

• characterizing materials requires carrying out activi- 
ties such as measurement, observation, comparison 
and classification; 

• materials may be used for certain aims according to 
their characteristics; 

• some materials are natural resources, others are man- 
made; 

• humans produce, process and create materials in re- 
sponse to various needs, such as food, clothing and 
medicine. These processes involve defining the need, 
searching for solutions, planning the optimal solution, 
carrying it out and assessing it. 



III. THE CURRICULUM FOR JUNIOR 
HIGH SCHOOL 

The selected goals are as follows: 

• knowing and understanding facts, concepts, laws and 
principles that every citizen will need in science and 
technology; 

• recognizing phenomenon from the world around us; 



123 



112 



TABLE 1 . Organization of content specification for Grades I-VI 



Main topics and skills 




Emphasis for class 






I-II 


III— IV 


V-VI 


Materials and energy 


Introduction to basic 
concepts, changes of 
materials and ways to use 
them. 


Identification of the 
interaction between matter 
and energy and familiarity 
with the changes in matter 
resulting from it and the use 
of them. 


Introduction to the 
interactive processes 
between matter and energy 
and the ways they are 
exploited by people. 


The man-made world 


Exposure to basic 
concepts in a 
technological process 
(necessary for the 
solution). Identification 
of the components of a 
technological process. 


Integration of scientific- 
technological knowledge in a 
technological process. 
Familiarity with 
technological processes in 
product design. Identification 
of mutual influences of 
developments in the fields of 
science, technology and 
society from the dawn of 
civilization. 


Understanding the stages in 
the process of industrial 
production (from raw 
material to finished product). 
Becoming familiar with 
technological systems. 
Technological solutions to 
limit the negative influences 
involved in man-made 
developments. 


Information and com- 
munication 


Exposure to basic 
concepts related to 
information and how to 
handle it. 


Becoming familiar with the 
components and processes 
relating to information and 
communication. 


Becoming familiar with 
systems for information and 
communications in modem 
times. 


Earth and the universe 


Exposure to basic 
concepts, their 
description and 
presentation. 


Description and follow-up of 
processes occurring on Earth 
and in space and 
technologies related to them. 


Becoming familiar with 
long-term phenomena on 
Earth and in the universe and 
technologies related to them. 


The world of living 
creatures 


Becoming familiar with 
the characteristics of 
living creatures. 
Becoming familiar with 
the differences between 
animals and plants. 


Deeper study of the 
characteristics of life, the 
link between living creatures 
and their environment and 
their adaptation to it and the 
link between humans and 
other living creatures, 
conditions of growth and 
conditions of maintaining 
them. 


Becoming familiar with 
phenomena, systems and 
basic processes of living 
creatures. 


Humans, behaviour, 
health and quality of 
life 


Initial development of 
awareness of the topic of 
health and the need to 
promote it and maintain 
it. 


Becoming familiar with 
basic systems and structures 
in health and illness. 
Fostering behaviour 
promoting health and its 
maintenance. 


Understanding the 
components, systems and 
processes in the human body 
when healthy and when ill. 
Fostering behaviour for a 
healthy way of life and good 
quality of life. 


Ecological systems 
and quality of the envi- 
ronment 


Becoming familiar with 
basic concepts related to 
the environment. 


Becoming familiar with 
factors influencing the 
environment. Attention to 
man’s uniqueness and his 
impact on the environment. 
Fostering behaviour towards 
the preservation of the 
environment. 


Becoming familiar with the 
interactions among various 
environmental factors. 
Analysis of the influence of 
man’s involvement with the 
environment. Discussion on 
activities and behaviours 
related to fostering quality of 
the environment. 


Skills 


Cognitive and active skills will be integrated within the entire body of content according to 
the pupils’ development at the different ages. 
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TABLE 2. Division of study topics and hours of instruction in Grades VII-IX 



Main topics 


Hours of instruction 
Grades VII and/or VIII 


Hours of instruction in 
Grade LX 


Total number of hours 
in Grades VII— IX 


Materials: structure, features and 
processes 


90 


Chemical reactions 
15 


105 


Energy and interaction 


Basic concepts: forces, 
movement, electricity and 
energy 45 


Energy, radiation waves 
45 


90 


Technological systems and 
products 


Technological systems, 
products 
60 


Complex systems 
30 


90 


Information and 
communications 


30 




30 


The Earth and the universe 


30 


15 


45 


Phenomena, structures and 
processes in organisms 


Water supply 20 
Reproduction 30 
Transportation 20 
Senses 20 


Nutrition 30 
Heredity 30 


150 


Ecosystems 


15 


15 


30 


Total 


360 


180 


540 



TABLE 3. Example of integration of scientific, technological and social aspects 



Topics/subtopics 


Scientific aspect 


Technological aspect 


Social aspect 


Force and change 


Force can cause change: in 
velocity (Newton’s second 
law) and in shape — mass 
(interia, momentum) 


For example nautical rocket, 
elevator, traffic control 


Social implications of 
increasing man’s ability, 
motion, forces and sport 


Energy 

basic concepts 


Energy, work and heat, dif- 
ferentiation between force 
and energy (including the 
historical aspect of the devel- 
opment of the concepts), 
types of energy (chemistry 
potential-gravitational, 
kinetic, electrical, atomic), 
output and efficiency, means 
of measurement and units of 
measurement 


Energy in technological 
systems, engines and output 
of instruments 


Technological development 
in the exploitation of energy 
over the course of history and 
its influence on humanity 


Matter 

Mechanisms for the 
transfer of energy 


Characteristics of waves 
(wavelength, amplitude, fre- 
quency, cyclical waves, 
standing wave), sound wave: 
intensity, propagation 


For example, ultrasound, the 
laser in medicine and 
communication 


Noise and health, medicine 
in the age of advance 
technology (early diagnosis, 
treatment) 


Radiation and 
matter 


Electromagnetic radiation, 
light (basic geometric optics; 
interaction with matter; 
refection, refraction, 
absorption) 


Instruments and fibre optics 
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• developing creative and critical thinking to understand 
the research method and problem-solving; 

• understanding the relationship among science, tech- 
nology and society; 

• understanding the importance of the knowledge of sci- 
ence and technology when taking positions in assess- 
ing national and international issues; 

• knowing the possibilities and limitations of science 
and technology when using them in problem-solving; 

• developing awareness in the wise consumer by using 
decision-making processes when selecting a product 
or a system; 

• developing a readiness to take care of the environment. 
The contents, the ideas and the skills are very similar 

to the elementary grades. The curriculum still has a spiral 
development. The concepts are presented in a deeper way 
and the level of understanding is higher. 

Each topic and subtopic focus, as far as possible, on 
the integration of aspects and content from the spheres of 
science, technology and society, as shown by the example 
presented in Table 3. 

The curriculum draws a net of inter-connections and 
interactions between different subtopics. Table 4 shows 
connections to the main topic of materials: structure, fea- 
tures and processes. 

Core curriculum and supplementary materials 

Science and technology is a required subject for all pupils 
in Grades VII-IX, to be taught for a minimum of 540 
hours per pupil in the three years of junior high school. 

The curriculum is taught in heterogeneous groups, but 
attention is to be paid to those pupils who find the material 
difficult, and those who are capable of grappling with 
challenges demanding greater understanding. The core of 
the basic material must be acquired by all pupils, branch- 



ing out from there to reinforce the basics or to offer ex- 
panded, in-depth learning. 

Determination of the core material has significance 
and implications for both the quality of teaching and for 
planning the time allotted to the core curriculum and to the 
content beyond it (enrichment material). To avoid super- 
ficial, mediocre learning, the core material was deter- 
mined after weighing considerations related to the main 
ideas of the topics studied, with special effort placed on 
incorporating a mix of teaching methods that allow pupils 
to grapple with the topics according to their ability. Selec- 
tion of the core curriculum was based on a number of con- 
siderations: 

• the importance of the contents in terms of teaching 
goals; 

• the extent to which such content is necessary to ad- 
vance the teaching-learning process; 

• the relation to content in other subjects; 

• difficulties in understanding concepts; and 

• the teaching of the curriculum in a spiral fashion that 
is built upon elementary school studies. 

When teaching a topic, time must be allotted to achieve in- 
structional goals in terms of the core material and at the 
same time use must be made of instruction methods that 
incorporate varied learning tasks. Some of the tasks 
should reinforce the core curriculum, and some should 
add greater depth to the learning and extend it to include 
additional contents. 

Numerous studies on the abilities of junior high school 
students (Grades VII-IX) to conceptualize served as the 
basis for selecting the curriculum and planning the stages 
of instruction in keeping with pupils’ cognitive abilities. 
The presentation of the curriculum expresses a teaching 
progression from basing studies on concrete phenomena 
and processes that exemplify principles to focusing on 



TABLE 4. Examples of related topics/subtopics 



Topics/subtopics 


Examples of related topics/subtopics 


Characterization and sorting of materials 


From the need to the finished product 

Atmosphere 

Hydrosphere 

Geosphere and landscape forms 
Food and its importance 
Processes in ecosystems 

Humans and their intervention in the environment 


Structure of matter and its features 


Energy 

Electricity and magnetism 
Waves, radiation and matter 
Astronomy 
Hydrosphere 

Geosphere and landscape forms 


Processes of change in matter 


Energy 

Waves, radiation and matter 

From the need to the finished product 

Atmosphere 

Hydrosphere 

Geosphere and landscape forms 
Processes in the cell 




Nutrition and energy in organisms 
Ecosystems 

Humans and their intervention in the environment 
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qualitative aspects and gradual incorporation of causal 
and qualitative aspects and factors. 

Thus, when planning the stages of teaching/learning, a 
distinct effort should be made to follow up the learning 
processes, to locate different content and means, to incor- 
porate varied teaching methods, and to introduce the 
pupils to them, according to their ability and sphere of in- 
terest. 

The nature of the combined subject, which encourages 
a range of possibilities for optional choices, makes it nec- 
essary to set guidelines to insure the exposure of the entire 
student population to the fundamental studies vital in 
Grades VII-IX. This educational component will depend 
upon factors such as the direction of future specialization 
of the students in senior high school and beyond, the type 
of school (six-year comprehensive, three-year junior high 
school, elementary school with grades seven and eight), 
and the school’s teaching staff. 



IV. THE CURRICULUM FOR SENIOR HIGH 
SCHOOL 

In senior high school, there are some students who are ma- 
joring in a scientific subject like biology, chemistry, phys- 
ics or in a technological subject. For all the others we have 
constructed a new subject, ‘Science and technology in 
modem society’. This subject was constructed in mod- 
ules, and its task is to provide a fitting education for those 
young people who do not intend to specialize in a scientif- 
ic subject. The essence of this subject is not the scope of 
the material studied nor in covering all the units in science 
and technology, but rather that the learning experience be 
a meaningful one through which the student will acquire 
some of the instruments and scientific-technological 
modes of thinking. 

The framework is intended to insure that students will 
consider science a part of culture; that they will have the 
knowledge, ability and desire to identify, understand 
and — to the extent necessary — to decide on social-public 
issues containing a scientific or technological compo- 
nent, and that they will also be able to evaluate the devel- 
oping human dimension of a product of science or 
technology. 

In light of this, and on the basis of the common, broad 
knowledge defined as required in senior high school, no 
particular additional information was determined to be a 
vital component. Alternately, it was decided to emphasize 
a number of ideas perceived as important, ideas reflecting 
different disciplines in science and technology, and to 
stress methods of learning that will enable the students to 
gain experiences in modes of thinking, learning abilities, 
or types of activity that occur in scientific and/or techno- 
logical endeavours. The selected experiences are the type 
that are likely to bring the students closer to understanding 
the methods of producing scientific knowledge and reach- 
ing a consensus on it, or to recognizing the methods of op- 
eration, the construction of a model or production in 
technology, or to see they are a condition for achieving 
these aims. 

Therefore, for senior high school there is no list of 
content that the graduates must know, nor a hierarchic 



curriculum of accumulated knowledge. Moreover, the 
curriculum space proposed allows for the construction of 
different tracks, on the condition that they answer to the 
formulated curriculum goals. 

L What are these goals? 

1. Development of recognition of science and technolo- 
gy as part of human civilization and development of 
awareness of the interactions between science technol- 
ogy and society. 

2. Development of curiosity and interest in scientific 
technological topics and issues, particularly those on 
the public agenda and/or relating to the life of the indi- 
vidual and his environment. 

3. Development of an awareness of the manner in which 
scientific and technological knowledge are built up 
and understanding of their development. 

4. Development of the ability to relate in an intelligent, 
critical manner to information. 

5. Development of an awareness that solutions to scien- 
tific and technological questions are based on knowl- 
edge that has been earned and on logical modes of 
thought. 

6. Development of knowledge and understanding about 
the reciprocity between man and his near and far envi- 
ronment. 

7. Development of an awareness that the laws of nature 
are common to different areas of science and technol- 
ogy* 

2. A group of goals deal with thought , learning 
and skills 

1 . The students will be able to give explanations based on 
scientific knowledge for phenomena of nature and 
technological developments. 

2. The students will recognize different thinking strate- 
gies, characteristic to science or technology, and they 
will know how to identify them in their activities. 

3. The students will be able to read a popular scientific 
article and explain the contents. 

4. The students will be able to differentiate between facts 
and suppositions, between causes and results, between 
observations and conclusions. 

5. The students will be able to understand an experi- 
ment’s set-up and its limitations and will gain experi- 
ence with a guided laboratory assignment. 

6. The students will be able to understand the histori- 
cal course of an idea/scientific concept’s develop- 
ment. 

7. The students will be able to explain different forms 
for the presentation of information (literal, graphic, 
schematic, formulas) and the connection between 
them. 

8. The students will become familiar with different types 
of information sources (printed, electronic, processed, 
primary, journalistic and other) and will be able to lo- 
cate information in them, edit and use it. 

9. The students will gain experience in teamwork. 

10. The students will be required to demonstrate knowl- 
edge and support opinions both in writing and orally. 
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3. Content map , description of the special orientation 

of science and technology in society 

The content map given in Table 5 allows for the label 
‘tracks’, which relate to different disciplines while refer- 
ring to common ideas or principles. A topic selected as fit- 
ting a substructure will be anchored in a sphere or spheres 
of knowledge (columns in the table) and will clarify the 
scientific/technological idea(s) chosen (rows). From this 
schematic description one sees that discussion of ethical 
(personal or social) or historical/philosophical matters 
may be expected in any of the tracks. 

The map also makes it possible to determine what is 
not included within the bounds of Science and Technolo- 
gy in Society and what will not be taught within the frame- 
work of the new subject. It also allows one to examine the 
length of a continuum of studies to see how the learners 
will touch upon each one of the disciplines and upon the 
ideas selected. 

Science and Technology in Society is a new subject of 
study that is not based on a familiar structure of knowl- 
edge. No teachers have been trained to teach it, and those 
who are intended to study it come from the entire gamut 
of high school students in the country and are unified only 
in their having chosen to not specialize in a science or a 



technological/engineering subject. For each one of these 
reasons in itself, let alone all of them together, one must 
approach the various steps in instituting of Science and 
Technology in Society as an experiment and to construct 
a fitting assessment system. 

As a conclusion, the following issues deserve monitor- 
ing in the future: 

• Decision-making regarding the pace for instituting the 
teaching of Science and Technology in Society 
throughout the country; 

• training of teachers (scope, quality, capabilities for a 
module/for a curriculum, countrywide distribution); 

• examining preferred modules and identifying missing 
topics; 

• improving the schools’ ability to evaluate pupils’ 
achievements; 

• developing and using a range of learning materials; 

• evaluating school-created developments; 

• using in-service training, internal as well as regional, 
to influence teachers’ work; 

• examining the influence of the possibilities opened by 
Science and Technology in Society on the ‘those train- 
ing to specialize in it’. 
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TABLE 5. Content map — principals 
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CERN as a non-school resource 
for science education 



John Ellis 



I. INTRODUCTION 

Many types of organization may serve as non-school re- 
sources for science education. The first that come to mind 
may be museums, and universities are also important. In- 
dustries, foundations and many other organizations also 
play significant roles. Research institutes such as the Eu- 
ropean Organization for Nuclear Research (CERN) also 
have special aspects to offer, and CERN as a large inter- 
national research institute has its own niche in the network 
of non-school resources. Here I try to illustrate some of 
the activities CERN offers to schoolchildren and their 
teachers, in the hope of providing hints that may be useful 
to Asian countries, and with the intention of offering col- 
laboration wherever the basis may exist. 

CERN was founded in 1953 in a convention signed 
under the auspices of UNESCO by twelve European 
countries. These have now become twenty Member 
States, including most Western European and several 
Central and Eastern European countries (Austria, Bel- 
gium, Bulgaria, Czech Republic, Denmark, France, Fin- 
land, Germany, Greece, Hungary, Italy, Netherlands, 
Norway, Poland, Portugal, Slovak Republic, Spain, 
Sweden, Switzerland and United Kingdom). Together, 
they send over 4,000 scientists and engineers to use the fa- 
cilities at CERN, where they are joined by about 2,000 
from non-Member States. Several hundred each come 
from the Russian Federation and the United States, and 
there are also large contingents from Japan, Canada, India 
and Pakistan, as well as groups from China, the Republic 
of Korea and other Asian countries. The flux of visiting 
scientists from around the world keeps CERN young. The 
peak of the age distribution is around 30, reflecting the 
large number of students who get their doctorates working 
on CERN experiments. Most of these students subse- 
quently go to work in industry, with a sizeable fraction go- 
ing into finance, as well as information technology. The 
visiting scientists’ age distribution has a long tail of older 
people, mostly these students’ professors teaching at uni- 
versities in Europe and elsewhere. The hope of attracting 
these students provides one motivation for CERN’s out- 
reach activities. 

On CERN’s public home page you can take a virtual 
tour of CERN. 1 CERN is where the World Wide Web was 
born, out of the necessity to keep large international teams 
of physics researchers in contact. This invention is now 
revolutionizing world society as many communities (uni- 
versities, students, consumers, businesses, etc.) discover 
that the solution to their problems may also alleviate 



someone else’s. The Web is also a potentially powerful 
tool for school education, and which I will describe in a 
later section. Education is also featured prominently on 
our home page, right after our ‘core business’ of physics 
research, indicating the significance we attach to it. 

Many of the activities I discuss here are explained in 
detail on our website, including our visits service, pro- 
grammes for colleges (middle schools), interactive mate- 
rial on the Web from our own science museum — 
Microcosm, information about our summer programme 
for high-school teachers, and information about teaching 
resources in different European countries. 2 Before detail- 
ing these efforts, however, I first remind you about the 
mandate of CERN, as laid down by its governing Council 
representing the twenty Member State governments. 



II. THE MANDATE OF CERN 

This is fundamental research into the nature of matter, its 
components and their interactions. The ‘story’ we have to 
tell is that matter is made of atoms that each contain elec- 
trons orbiting a nucleus, which is made of protons and 
neutrons, whose components are quarks. Our job is to ex- 
plore the properties of electrons, quarks and related sub- 
nuclear ‘elementary’ particles. The word ‘nuclear’ in the 
title of CERN is a historical anachronism: we now explore 
a couple of levels below nuclei, and prefer to call our- 
selves the European Laboratory for Particle Physics. 

Most of our experiments involve accelerating particles 
to high energies and colliding them, converting their ener- 
gy into new particles, some of them as heavy as a medi- 
um-sized nucleus. According to the basic laws of quantum 
physics, the higher the energy, the finer the size resolution 
of the particle collider, considered as an overgrown micro- 
scope. 

Since the basic laws of engineering require a high- 
energy accelerator to be very large, our largest is almost 
circular, with a radius of 5 km and a circumference of 
27 km. The accelerator is housed in a tunnel about 1 00 m 
underground, with only the occasional building visible on 
the surface. 

The experiments are conducted in underground cav- 
erns large enough to accommodate the CERN administra- 
tion building, by groups consisting of hundreds of 
physicists and engineers from dozens of countries around 
the world. The experimental apparatus consists of onion- 
like layers surrounding the particle collision point, each 
layer specialized in the detection of a different type of par- 
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tide. Together, the data they produce enable physicists to 
analyse the collisions, search for new particles and try to 
understand the forces between them. 

III. OUTREACH 

First and foremost, in my opinion, outreach is a moral ob- 
ligation for a research institution such as CERN. We are 
dependent on public funding and when the piper is paid, 
he should play the tune. The primary motivation of the 
funding agencies is (or should be) cultural: it is to carry 
forward humanity’s impulse to understand the universe 
around us, and of which we are a part. In the words of a 
recent editorial in the Financial Times (‘Search for the 
words quarks and opera’): ‘If you regard science as a form 
of culture, an important contribution to the intellectual en- 
richment of humanity, then high-energy physics is the sci- 
entific equivalent of grand opera’. 3 

Just as the Three Tenors bring opera arias to a wide 
public, it is surely good that CERN should strive to bring 
‘particle arias’ to its paymasters. This moral obligation in- 
evitably becomes a political duty: the British funding 
agency Particle Physics and Astronomy Research Council 
(PPARC) expects physicists to propose outreach activities 
in tandem with their research conferences. In the words of 
the Financial Times again: ‘Governments should subsi- 
dise high energy physics in the same way as they do the 
opera — on the understanding that [...] it is made accessible 
to as wide a public as possible’. This pressure is height- 
ened by the widespread anxiety in Europe about growing 
science illiteracy. This is reflected in alienation from, and 
scepticism about, science among the general public, and 
the falling numbers of students opting for physics at uni- 
versity. Thus outreach also becomes a practical necessity 
for organizations such as CERN, in the hope of attracting 
more students. 

These important arguments have long been under- 
stood at CERN, and have recently gained new recognition 
in the appointment of a new director and the establishment 
of a new division responsible for outreach and technology 
transfer. I will review what CERN has been doing to reach 
out to schools, describe CERN’s current activities, and 
preview new initiatives that CERN is planning. 

One motivating thought is that the laws of physics are 
universal, the same for everybody and belonging to no- 
body. A corollary is that people in all countries should 
have access to the knowledge and understanding obtained 
by fundamental physics research. It also follows that the 
laboratories of the world, such as CERN, should be open 
to any qualified scientist from any country. Indeed, it is 
CERN policy to assign the use of its facilities solely on the 
basis of merit. For example, both American and Russian 
physicists worked at CERN during the Cold War, and 
physicists from both sides of the Taiwan Strait have been 
collaborating at CERN for years. 

Of particular interest to Asian countries may be the dis- 
play by laboratories such as CERN of the scientific method 
in action. This may encourage the questioning spirit and its 
disciplined exploitation. Also particularly relevant is the 
relation between science and economic development. Fun- 
damental science opens new possibilities, applied science 
and technology provide tools to exploit them. These tools 



may benefit economic efficiency in unexpected ways — 
think of the World Wide Web, which is now revolutioniz- 
ing the world’s business practices, as well as its social hab- 
its. However, I also have in mind an even broader 
significance. The scientific method embodies a world- 
view novel to many societies: question received wisdom, 
formulate hypotheses, devise tests, conduct experiments, 
observe their results, draw conclusions, understand the 
present and predict the future. Perhaps non-school resourc- 
es such as CERN can foster the questioning spirit in school- 
children, including the vast majority who do not pursue 
scientific careers. They may learn to apply it in their daily 
lives. They may also develop a better feeling for the sci- 
entific process, and deal more confidently with the chal- 
lenges science offers their societies. 

IV. EDUCATIONAL OUTREACH AT CERN 

Some of the aforementioned motivations played roles in 
the recent establishment of a division at CERN responsi- 
ble for Education and Technology Transfer. 4 This has in- 
herited CERN’s previous outreach activities, including 
those offered to schools, and is currently developing new 
initiatives. 

CERN’s outreach network has representatives in all 
twenty of CERN’s Member States. 5 Each nation has its 
own web page with various listings, including sites where 
you can access different national networks and learn more 
about particle physics in various Member State languag- 
es. 6 For example, clicking on the United Kingdom page 
one finds links to many resources, including material for 
schools, a computer package for high school students and 
a link to a school speakers bureau. 7 

One of the objectives of this outreach network is to 
make material in one language available to other countries 
for translation into their languages. Much of it is in lan- 
guages other than English: for example, while preparing 
this talk I dipped into a CD-ROM in Greek and an out- 
reach talk in Polish. 8 The web material is free, and any or- 
ganization is welcome to translate it into a local language. 
The model should be to establish a primary node in your 
country, and a national network involving the universities 
and laboratories active in high-energy physics research. In 
addition to CERN’s outreach network, the primary node 
should be connected to any national networks in other sci- 
entific fields, as well as to local networks of science teach- 
ers. 

V. CERN’S VISITS SERVICE 

CERN welcomes about 40,000 visitors per year, of whom 
about 70% come in school groups. Many of the others are 
school-age children accompanied by adult family mem- 
bers. The Visits Service 9 arranges and structures visits. A 
typical school visit comprises a short introduction to 
CERN provided by one of our (mainly volunteer) guides, 
followed by a visit to one of the giant experiments at 
CERN in its pit 100 m below ground. Also available are 
visits to our on-site museum, Microcosm, and a session of 
hands-on experiments designed to illustrate some basic 
physical principles. 

There is a link providing information for teachers, and 
several specific itineraries have been designed. In particu- 
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lar, our Visits Service has worked with the local French 
school district (the Academie de Lyon) to propose pro- 
grammes tailored to school students in different age 
groups. For example, we propose to ‘colleges’, for 14- and 
15-year-olds, a fifteen-minute introductory lecture and a 
visit to an experiment, followed by hands-on activities, 
whereas older students would be offered a longer, more 
scientific lecture. 

Many features of the CERN Visits Service are quite 
specific, but some general aspects could be adapted to di- 
verse environments. For example, a rubber plantation or 
an agricultural research station could offer visits pro- 
grammes to local rural schools, including an introductory 
explanation of its activity, a tour of its facilities, and some 
hands-on experience such as tapping a rubber tree or do- 
ing a simple biological or chemical experiment. Clearly 
there may be practical obstacles (insurance for the stu- 
dents, reluctance of teachers), but some could surely be 
overcome if the host institution could be motivated by 
considerations of good citizenship and enlightened self- 
interest. 

VI. MICROCOSM— CERN’ S ON-SITE MUSEUM 

The Microcosm exhibition area is an essential call during 
most visits to CERN. 10 It contains pieces of original ex- 
perimental apparatus with which major discoveries were 
made, as well as exhibits introducing particle physics and 
CERN, models and videos. It also has several interactive 
computer games, one illustrating physical phenomena at 
different scale sizes, from particles to cosmology, 11 and 
another illustrating how particles may be accelerated. 12 
Both of these are also accessible over the Web and more 
are under development. From time to time, Microcosm 
has temporary exhibits organized together with other Eu- 
ropean scientific organizations or European science muse- 
ums, which are among CERN’s network partners. 

Available in conjunction with school visits to Micro- 
cosm are several worksheets at different levels, suitable 
for different age ranges. These may be used by schoolchil- 
dren to demonstrate their knowledge and comprehension 
of the material on display, for assessment either by them- 
selves or by their teachers. Associated with Microcosm 
there is also a small shop where more or less educational 
items can be purchased. One of these is a comic book, 
available in several languages, which introduces basic 
physics concepts in a playful way. Currently underdevel- 
opment is an educational, interactive CD-ROM. 13 Starting 
with an introduction to particle physics, going back to the 
ancient Greeks’ theories of atoms and the four basic ele- 
ments of earth, air, fire and water, it aims to show the user 
how physicists distinguish between the different types of 
sub-atomic building blocks currently observed at acceler- 
ators, and encourages the user to measure for him/herself 
the rate at which they appear in a simplified representation 
of data from a CERN experiment. 

One of the key features of school visits to CERN, in- 
cluding Microcosm, is that the tour guides are largely vol- 
unteers drawn from among the (mostly young) scientists 
working at CERN. The visits are typically in groups of 
twelve to fifteen, enabling the schoolchildren to meet a 
‘real scientist’ and ask probing questions directly. 



VII. HANDS-ON EXPERIMENTS 

A suite of hands-on activities has been developed at 
CERN. They are made available during school visits, and 
are a popular feature of open days at CERN. 14 They are 
also taken on the road for visits to local schools. Recently 
they were used as the core of a week-long summer camp 
programme offered through the Geneva Department of 
Public Education. 15 This was designed to mimic, as far as 
possible, the experience of conducting research. While 
doing experiments, the participating groups of children 
were asked to keep logbooks describing their methods and 
results. They then presented their results at a ‘conference’ 
on the final day, and the best presentations were awarded 
prizes. 

The CERN hands-on efforts are networked with simi- 
lar programmes elsewhere, including the ‘Physics Van’ 
school outreach programme run by the University of 
Illinois Physics Department and the extensive ‘la main a 
la pate’ programme in French schools. 16 Many of these ef- 
forts are inspired by a pioneer programme in impover- 
ished Chicago schools. If they can be made to work 
usefully there, surely they can also be extended even to ru- 
ral schools in developing countries, using materials that 
are widely available. Among the most popular hands-on 
activities offered by CERN are the effects of magnets on 
television sets (illustrating that many homes have a parti- 
cle accelerator in their living room), a bicycle wheel (with 
sand in the tyre) used to demonstrate the conservation of 
angular momentum, and simple electric circuits. 

CERN is now planning to develop these activities 
more systematically, setting aside an area where they can 
be conducted, and organizing a suite of activities whose 
materials can be taken on tours of schools. The guiding 
principle would be a progression from activities illustrat- 
ing basic physical principles to more specialized activities 
related more directly to particle physics. We plan to doc- 
ument these hands-on activities in written and visual form 
and make the documentation available over the World 
Wide Web. The idea is that interested groups in universi- 
ties and other educational organizations could copy, 
share, mix and match hands-on activities to their specific 
opportunities and needs. 

VIII. HIGH-SCHOOL TEACHERS 

During 1998 and 1999, CERN initiated a summer intern 
programme for high-school teachers. 17 They were invited 
to attend lectures we offer to university students as part of 
a Summer Camp programme, as well as lectures and dis- 
cussions more attuned to the teachers’ needs. In addition 
to teachers from CERN Member States, we have also had 
participants from the United States paid by their National 
Science Foundation, and one from an international school 
in Thailand. 

The high-school teachers programme has been effec- 
tive far beyond our expectations. The teachers have been 
amazingly enthusiastic and active. They have compared 
the science curricula in their different countries, and put a 
thorough comparison on the Web, 18 with links to more 
complete sources of documentation from their home 
countries. They have also compiled descriptions of exper- 
iments, both standard 19 and more novel, suitable for 
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carrying out in schools. Additionally, they list many help- 
ful books and resources on the Web in various languages. 
All in all, our high-school teachers are developing their 
own very active international network. 

Individual teachers also act as nodes in contact with 
their own national associations of high-school teachers 
and other networks. Many have been engaged in their own 
outreach activities, writing articles for newspapers, speak- 
ing at congresses, to parent groups, etc. There have also 
been some unexpected synergies, for example one teacher 
has been going over the CERN comic book and proposing 
ways in which it could be restructured so as to be suitable 
as a teaching aid. 

The high-school teachers themselves have come up 
with ambitious plans for the future, yet nevertheless seem 
to lie within reach. One is to set up an array of cosmic-ray 
detectors in different high schools. An interactive CD- 
ROM and a textbook are also in preparation. 

It is clear that only a very small fraction of European 
high-school teachers will ever be able to participate di- 
rectly in this programme, even compared to those who 
lead school visits to CERN. To maximize the benefit to all 
concerned, participants in the programme must be select- 
ed quite carefully, for the different perspectives they can 
bring and their interest in networking and communication 
of their experiences. The documentation they prepare 
should be available and of use to the vast majority of 
teachers who never come to CERN. They can bring to 
CERN a uniquely active and critical view of its pro- 
grammes for schools. 

IX. LECTURE SERIES AND WEBCASTS 

Public lectures are a traditional tool for outreach. Last 
year, for example, we gave a series of lectures for middle 
schools on the ‘Mysteries of the Universe’. 20 Lectures are 
not really appropriate for younger children, so we have 
experimented with question and answer sessions instead. 
For example, some years ago when we had a temporary 
exhibit on loan from the London Science Museum about 
cosmology, we organized a couple of such sessions, called 
‘Big Bang Days’, in conjunction with a visit to the exhibit 
and to a CERN experiment. Unfortunately, such opportu- 
nities are essentially limited to local schools, so CERN’s 
international mission impels it to investigate distant-deliv- 
ery methods. 

A traditional technique is to make a video recording of 
a lecture and then distribute it, and CERN maintains a vid- 
eo archive of these. 21 Many schools routinely show video 
cassettes in class, but this technology is limited in its tech- 
nical possibilities, and I personally find it rather alienating 
and top-down. A live lecture is much more interesting and 
involving, as you can ask questions and interact with the 
speaker. 

CERN is currently exploring the new webcasting tech- 
nology. This is potentially interesting for scientific semi- 
nars and lectures, as well as for outreach activities. It 
offers new technical possibilities, and also the possibility 
(in principle) of interactivity, e.g. by asking questions via 
electronic mail. The Exploratorium in San Francisco, 22 for 
example, made a very successful webcast of a solar 
eclipse in 1999. CERN had a webcast on antimatter on 



10 May 2000, just as it started a new experimental pro- 
gramme on antimatter. 23 

Realistically, the utility of webcasting may at the mo- 
ment be limited in some parts of the world because of net- 
work and hardware limitations, not to mention the 
differences in time zones. Some of the benefits of digital 
technology may be reaped by putting lectures on CD- 
ROMs, as is now being done for the CERN summer lec- 
tures to university students. Ultimately, the emerging 
DVD standard may offer broader prospects, but this 
would require a further hardware upgrade. 

X. A PROJECT UNDERWAY— PHYSICS ON STAGE 

CERN was the prototype for many other European sci- 
ence laboratories founded subsequently, including the Eu- 
ropean Molecular Biology Laboratory (EMBL), the 
European Space Agency (ESA), the European Southern 
Observatory (ESO), the European Synchrotron Radiation 
Facility (ESRF) and the Joint European Torus (JET). Sub- 
sets of these laboratories network together in various 
ways. One such joint project launched by CERN, ESA and 
ESO is ‘Physics on Stage’, aimed at reducing physics illit- 
eracy in Europe. 24 

This is one of the activities planned as part of the Eu- 
ropean Week for Science and Technology in November 
2000. The plan is to survey the pedagogical techniques 
used to teach science in different European countries, and 
to identify, encourage and publicize new approaches. 
These could include novel hands-on activities, demonstra- 
tions, experiments, web applications and even theatre per- 
formances. 

An example of the latter is ‘L’Oracle de Delphi’, a 
mime show on the theme of antimatter which CERN put 
on for several months this past winter. 25 It took place in a 
corner of one of the underground pits where experiments 
are constructed, in a Parisian ‘Cafe-Theatre’ atmosphere 
of basic black and bare chairs. The run had to be extended 
repeatedly because of public demand, and further runs at 
CERN and elsewhere are planned. We found that it at- 
tracted a different population to CERN, one that was less 
science-oriented and perhaps more sceptical. It was not di- 
rected at schoolchildren, though my 12-year-old daughter 
certainly enjoyed it. Its success is surely due to its playful 
approach to the communication of scientific ideas, which 
provides a new avenue for dialogue about science. It 
would be possible to adapt this concept to a format 
tailored better to schools. 

After several months of national activities within the 
‘Physics on Stage’ project, there will be national competi- 
tions, and the winners will be presented in a special sym- 
posium at CERN. Ten special performances will be made 
available to television and other media. One of the prime 
objectives of ‘Physics on Stage’ will be to listen to what 
teachers and schoolchildren have to say. The hope is that 
it will create new networks as well as generate and com- 
municate new ideas. 

XI. A PROJECT UNDER DISCUSSION— PRISM 

CERN is now considering a new framework for its visit 
programmes, the Microcosm exhibition and some hands- 
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on activities. Experts believe that a science museum at 
CERN could hope to attract as many as 200,000 visitors a 
year, bearing in mind its catchment area, its European sta- 
tus, and the number of school groups that fail to be accom- 
modated each year within the existing visit programme. 
The challenge will be to cater to such a large flux of visitors 
without diluting the present visit experience, disrupting the 
laboratory or degenerating into a theme park. One of the 
problems is that radiation concerns will preclude clamber- 
ing over future active experiments, as visitors do currently. 

Ideas being mooted include a monorail to transport 
visitors to different parts of the site, reassembly of present 
experimental detectors after they are discarded, and possi- 
bly a viewing area where one of the new experimental pits 
can be seen, as well as an expanded exhibition area. An ex- 
ternal consultant from the Paris Science Museum at La 
Villette (which has an extensive school programme) has 
been retained, and the PRISM concept is now being 
debated. 26 If approved, the PRISM project would be 
supported by external funding. 

XII. UTILITY FOR ASIA? 

In describing the range of CERN’s activities directed to- 
wards schools, I have tried to highlight examples where 
our experience may be relevant to Asian countries, possi- 
bly in modified forms. I have laid emphasis on network- 
ing, both real via personal contacts and common interests, 
and virtual via the World Wide Web. Databases for our 
European networks are freely available over the Internet. 

CERN already has scientific collaborations with many 
countries in Asia, notably China, Japan, India and the Re- 
public of Korea. We are open to extend these collabora- 
tions to other Asian countries, and to the sphere of 
outreach activities, including schools in particular. We are 
ready to listen, advise and help whenever requested. 

I do not believe that it is the role of non-school re- 
sources such as CERN to cram knowledge into school- 
children: rather, it is to communicate inspiration and 
enthusiasm. Within the general framework of perceived 
needs, I can see several ways in which CERN could make 
a specific contribution. One is the provision of ‘stories 
about science’ that integrate individual pieces of knowl- 
edge into narrative explanations of many overall features 
of the universe. Another is the demonstration of ‘ideas 
about science’ in action. As a very large research centre, 
we can show how research is done, how discoveries are 
made, how mistakes are made and corrected: in general, 
how the scientific method works in practice. Thirdly, 
since advanced information technology is our lifeblood 
(witness the World Wide Web), we may have a contribu- 
tion to make in expanding the variety of methods available 
for teaching science. 

To close on a note of self-criticism: we at CERN have 
taken many initiatives, often in a typical experimental 
approach, but I am not sure of the extent to which we have 
been systematic in organizing our activities. We need to 
focus more on the unique opportunities we can offer, and 
we need to think more carefully about our target audiences. 
Even within the school community, there are many differ- 



ent groups of children with different needs and aspira- 
tions — those who will never study science, but should 
become scientifically literate citizens, and those who may 
pursue some kind of technical career, as well as the 
minority who will become active scientists themselves. We 
should think more deeply how to tailor our activities to 
these different communities. 
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Promoting science and 
technology education for all: 
a challenge for the Asia-Pacific countries 



Lucille C. Gregorio 



I. INTRODUCTION 

Although countries in the Asia-Pacific have given their ut- 
most efforts in continuously improving their science and 
technology education programmes, the reforms are rather 
slow — especially in terms of curriculum structure and 
content, as well as the professional development of teach- 
ers. In some of our countries formal educational institu- 
tions succeed in coping with the advances in knowledge — 
but the learning in school alone rapidly becomes obsolete. 
In other countries, the frequent changes of government 
and political instability have affected the effective imple- 
mentation of educational reforms. 

There are also discrepancies with regard to the intend- 
ed, implemented and attained curriculum. There is a gen- 
eral concern that little is included in the curriculum of 
basic school education that will allow the learners to ac- 
quire the knowledge, skills and values to prepare them 
for life. The positive note is that the emerging trend is to- 
wards curriculum innovation and reforms — introducing 
learner-centred content and strategies and systemic 
changes responding to national development needs, goals 
and entry into globalization. However, there is a large 
gap that needs to be filled — the need for capacity-build- 
ing — to have a ‘cadre’ of experts who can provide intel- 
lectual guidance and advisory support. There is also a 
need to change society’s demand for education that only 
prepares students to pass examinations for entry into 
higher education, rather than learn what is relevant and/or 
interesting to their lives and in answer to the needs of the 
community. 

The August 1999 issue of Asiaweek identified twen- 
ty trends expected to shape the development of Asian 
countries in the new millennium. Most of those identi- 
fied are attributed to the advances in science and tech- 
nology and the advent of new information and 
communication technology. These trends have to be an- 
alysed in the context of the region in order to formulate 
innovative strategies towards reforming the education 
system. 

II. THE CONTEXT 

The Asia-Pacific region is vast and diverse. Approximate- 
ly 60% of the world’s population is on the continent, with 
five of the world’s nine highly populated developing 
countries: Bangladesh, China, India, Indonesia and 
Pakistan. The countries have diversity in geographic size, 
educational levels, political systems, socio-economic de- 
velopment, etc. Adult literacy levels range from 100% to 



less than 50%. The majority of illiterates are women, girls 
and other marginalized groups (ethnic minorities, refu- 
gees, those living in remote rural areas, etc.). 

For most developing and least developed countries, 
technical and financial support are needed to: ensure food 
security; conserve the physical/natural environment and 
sustain resources (water, energy, soil, air, etc.); prevent 
the spread of communicable diseases, HIV/AIDS and 
drug abuse; and support efforts to limit demographic 
stress and promote the sustainability of socio-economic 
development. All of these have implications on education- 
al reforms in general and science and technology educa- 
tion in particular. 

III. COMMITMENTS 

Many major conferences have been organized since 1990 
to address this topic — and countries have committed to re- 
solve the different problems confronting humankind. 
Three international conferences that have direct bearing 
on the strengthening of science and technology education 
should be highlighted. 

1 . The World Conference on Education for All (Jomtien, 
1990) ‘Conference on Project 2000+: Scientific and 
Technological Literacy’ recognized that good quality 
basic education is fundamental to the strengthening of 
higher levels of education, and of scientific and tech- 
nological literacy and capacity, and is thus essential in 
the development of self-sufficiency. 

2. The International For All (Paris, 1993) forwarded 
a declaration ‘calling governments, industry, the 
public-private sector and other interest groups, ed- 
ucation personnel, policy makers, UN agencies, 
IGO’s and NGO’s to work together in partnership 
to promote scientific and technological literacy for 
all.’ 

3. The World Conference on Science (Budapest, 1999) 
adopted the Declaration on Science and the Use of Sci- 
entific Knowledge, which made clear that the transfer 
of knowledge is a priority. The conference ‘reinforced 
the cooperation of national, regional and international 
organizations and NGO’s and focusing on research and 
development, capacity building, more women in sci- 
ence and technology education, and to bring science 
and scientists closer to the people’. 

IV. THE CURRICULUM REFORMS 

The curriculum reforms that Member States have initiated 
have some commonalties — that is, to make learning more 
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relevant to the lives of the learners, their interests and their 
needs. Some countries call it ‘integrated core pro- 
grammes’ — integrating societal issues in the school sub- 
jects — aiming for relevancy and social responsibility. The 
depth of the subject would depend on the context and the 
socio-economic and cultural variations of the localities. 
The re-orientation and re-organization of education, how- 
ever, still has to put into practice the guiding principle pro- 
posed by the International Commission on Education for 
the Twenty-First Century (The Delors Report) — that is, 
‘learning throughout life’, building on the four pillars of 
learning: learning to know, learning to do, learning to be 
and learning to live together. 

The reforms in science and technology education 
should get their inspiration from the four pillars of learn- 
ing. These efforts will also entail: 

• review of educational and national policies , looking at 
the contextual dimension in terms of literacy/educa- 
tional levels, socio-cultural and economic situations, 
science and technology developments, and the re- 
quired infrastructure; 

• development of teaching-learning materials and re- 
sources , especially supplementary materials, since 
textbooks take a longer time to develop. The new ma- 
terials will require motivational/innovative teaching- 
learning strategies developed by teachers themselves; 

• assessment of learning and evaluation techniques , be- 
ing an integral part of teaching and learning, could be 
in the teaching-learning resources. Important areas to 
be assessed could be societal needs, creativity and ini- 
tiative, problem-solving and decision-making skills, 
and other life skills. This could be a major change 



from the standard practice of teacher evaluation of a 
student’s academic progress — that is, paying more at- 
tention to what has been learned than to what has not 
been learned; 

• strengthening of national capacities , professional de- 
velopment of teachers and educational providers. This 
has to take place on a continuous basis, in response to 
recognition of the changing needs of society. There is 
also a need for rethinking the roles of different actors 
in the provision of science and technology education 
for all; 

• the key roles of non-school resources (scientific or- 
ganizations and research institutions, science muse- 
ums, science centres, planetariums, observatories, 
etc.) have to be recognized in building and strengthen- 
ing of expertise and provision of training; 

• linkages , networking and partnership among individ- 
uals, schools and institutions — built from the concept 
of community participation and ownership. This con- 
tributes to: a dynamic exchange of experiences and ex- 
pertise; better management of resources aiming at 
cost-effectiveness and efficiency; and academic ad- 
vancement through joint research activities. 

* * * 

As lifelong learners, we ‘learn/reflect/adapt’ — and even- 
tually take action relevant to our own situation and the 
needs of society. Promoting science and technology edu- 
cation for all will move us towards a better quality of life 
and a sustainable future for all. 
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PART V: 



THE CHALLENGES TO BE FACED 
IN ORDER TO PROGRESS 
TOWARDS A GREATER COHERENCE 
AND RELEVANCE OF SCIENCE 
AND TECHNOLOGY EDUCATION 
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A summary of the discussions 



Jacques Hallak and Muriel Poisson 



I. INTRODUCTORY STATEMENTS: 

A LEARNING WORKSHOP 

As a preliminary statement, it has to be emphasized that 
the debates were characterized by lucidity, candidness, 
questioning and doubts. In fact, if all participants agreed 
on the fundamental importance of good quality teaching 
in science and technology in their respective countries in 
order to face the huge challenges set by today’s societies, 
none of them held strong views on what was needed or on 
how to go about achieving good quality teaching. 

Some referred to a growing public distrust of scientific 
and technological expertise, parallel to the development 
of scientific and technological knowledge as well as to the 
explosion of new technologies. European participants in 
particular insisted on the progressive relativization of the 
concept of science in the context of so-called ‘risk socie- 
ties’. 

Throughout the debates, most participants questioned 
the relevance both for employment and daily life of the 
science teaching actually taking place in their respective 
countries. One of them even talked about the nine ‘falla- 
cies’ of scientific teaching, which he detailed as follows: 
the fallacy of miscellaneous information, the foundational 
fallacy, the fallacy of a detached science, the fallacy of 
critical thinking, the fallacy of the scientific method, the 
fallacy of coverage, the fallacy of utility, the homogene- 
ous fallacy and the fallacy of a ‘value-free’ science. 

Students’ lack of interest in science subjects, demon- 
strated by their flight from scientific domains, was fre- 
quently emphasized. It was mainly attributed to the public 
authorities using science, as soon as early school years, as 
a tool to select a small elite, destined to become highly 
qualified specialists, rather than to attempt to attract the 
attention and interest of the young by teaching them the 
basics that would help them become ‘scientifically liter- 
ate’. This lack of interest was also attributed to the partic- 
ular status of science in the job market and to the difficulty 
of finding a well-paid job in this area (Malaysia). 

All participants preferred to focus their presentation 
on proposed reforms and innovative experiments, such as 
the French ‘Main a la pate’ initiative or the Malaysian 
‘Smart School’ project, rather than on reforms that had 
been implemented and success stories. They preferred to 
share realistic strategies for change rather than ‘modem 
recipes’ to be applied regardless of the difficulties that re- 
sult inevitably from adaptation during a reform process. 



At the end of the debates it appeared that more ques- 
tions had been raised than answers provided, most of 
which will be described below. 



II. THE SCOPE OF SCIENCE EDUCATION 

The scope of science education varied greatly from one 
country to another, with more or less emphasis placed on 
scientific content, methods (inquiry, problem-solving, co- 
operative learning, etc.), tools or values. 

China, for instance, distinguished among six different 
domains in science teaching, i.e.: the knowledge domain 
(ability to master important facts, major concepts and 
principles of science); the operational skills domain (abil- 
ity to use apparatus and instruments); the scientific proc- 
ess skills domain (ability to observe, measure, group, 
question, formulate hypotheses and experiment); the ap- 
plication domain (ability to apply concepts and skills in 
new situations); the creative domain (ability to formulate 
questions, to give explanations and new ideas); and the at- 
titude domain (ability to develop a positive feeling to- 
wards science and studying science). 

The United Kingdom put a stronger emphasis on the 
social value of science, by referring not only to the knowl- 
edge and understanding of the scientific content as well as 
the scientific approach to inquiry, but also to science as a 
‘social enterprise’ - that is, the social practices of the com- 
munity. 

Japan and Israel included technology in the scope of 
science education. Japan talked about the capacity of mak- 
ing use of computers and Israel spoke of problem-solving 
within a ‘technological and scientific environment’, 
putting stress on the significant impact of technological 
process on the individual and society. 

New Zealand called for a new definition of literacy 
and numeracy that would see science education as ‘a tool 
to understand the world in which we live’. Israel insisted 
on the necessity for primary school curriculum to enhance 
scientific and technological literacy for all, and Japan de- 
scribed the difficulty of promoting national scientific lit- 
eracy, given that after graduation, students seem to forget 
the scientific concepts that they are supposed to have ac- 
quired. 

From this reflection on the importance of scientific lit- 
eracy emerged the necessity to modify the scope of sci- 
ence education according to the level of education 
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concerned. While the need for scientific literacy at prima- 
ry level was recognized, the need for progressively spe- 
cialized science education beginning at the secondary 
level was also underlined. This would imply that the aims, 
methods and approaches of science teaching should be 
adapted to primary, secondary and higher education, 
which is not always the case in countries whose school 
system is highly selective as early as primary level and 
that choose to base their selection process on scientific 
subjects. 

III. USEFUL CONCEPTS 

Two opposing concepts — knowledge and competen- 
cies — were raised several times by participants. China, for 
instance, declared that in the Chinese school system, un- 
due stress was put on knowledge, neglecting the develop- 
ment of the students’ ability to apply science knowledge 
and skills in problem-solving; as a consequence, teachers 
were failing to develop students’ scientific attitudes, val- 
ues, process skills and high-order thinking skills. 

This emphasis on knowledge was associated by Indo- 
nesia with the importance given to content rather than to 
process in syllabus design. The rigidity of the syllabus 
coupled with no (or insufficient) curriculum guidelines 
was described as limiting teachers’ creativity in teaching 
science. 

The concepts of integrated subjects and of interdisci- 
plinarity were frequently used for qualifying different 
matters. Japan gave examples of integrated subjects to be 
taught at various school level; at upper secondary level for 
instance, ‘Integrated science A’ will be added to tradition- 
al subjects as from 2002: it will consist in inquiring into 
‘the natural events with relation to our daily life like mat- 
ters and energy; centering the relation between scientific 
technology and human beings; and fostering the integrat- 
ed view of nature, and the ability and attitude to inquire 
nature’. It is planned that the organization of these inte- 
grated subjects will be a function of the ability and inten- 
tion of teachers in each school. China also called for a 
change in its own system from subject division towards 
subject integration. It intends to offer comprehensive 
courses (such as humanities, comprehensive science, 
sports and health, etc.), in addition to traditional disci- 
plines (such as ideological and political studies, Chinese, 
Mathematics, foreign languages, etc.). As in the case of 
Japan, the balance between the two could be determined 
according to the competence of teachers. 

The concept of interdisciplinarity was conceived more 
as an approach to organizing science education. Israel has 
worked considerably on this concept, trying to design and 
implement a Science, Technology and Society (STS) 
approach, aiming at teaching science and technology in an 
integrated way, emphasizing their relation with society at 
large. This approach relies on science and technology 
teachers who choose their curriculum from the subjects 
included in the syllabus (such as energy, information, 
communication, ecology, etc. for elementary schools) and 
decide how to integrate them. Netherlands follows a quite 
similar scheme at senior secondary level. At this level, 
science teaching starts from themes such as energy, food, 
health and other issues; the relevant concepts and 
principles for gaining insight into these themes are drawn 



from different disciplines. The overall objective is for 
students to get used to drawing on concepts in an integrated 
way. Traditional subjects such as physics, chemistry and 
biology are only taught as optional courses. 

Participants made a distinction between the concepts 
of ‘intended curriculum’, ‘implemented curriculum’ and 
‘attained curriculum’. France noted that the texts defining 
curricula are interpreted differently by different teachers, 
and that the way pupils and students understand the teach- 
ing they receive varies considerably as a function of the 
individuals concerned and the school environment. In oth- 
er words, one can observe significant disparities between 
what is set by official texts, what is taught at school level 
and what is actually learned by children. This has impor- 
tant implications for all aspects of curriculum develop- 
ment, in particular the methods used for curriculum design 
and assessment. 

IV. OPTIONS AND POLICIES 

The variety of conceptions about science teaching prevail- 
ing in different countries and of methods being used to put 
them into practice at school level clearly demonstrated the 
diversity of aims and missions of scientific and technolog- 
ical education worldwide, and of the values attached to it. 
A number of diverse options and policies as regards sci- 
ence and technology teaching were identified. 

One choice is between decentralizing or not decentral- 
izing responsibilities regarding content and curriculum 
from the central government to local authorities and/or the 
school. In the 1990s Hungary went from a state-controlled 
curriculum to a school-based curriculum. Schools are now 
required to develop their own teaching programme (allo- 
cation of time for subjects, translation of content and ob- 
jectives into subjects, formulation of local goals and 
objectives, sequencing of learning content, etc.) on the ba- 
sis of the National Core Curriculum. The National Insti- 
tute of Public Education has set up a Curriculum Bank to 
help standardize the way the curriculum is prescribed. A 
private textbook industry has been expanding in parallel. 
A second decision to be made concerns the development 
or non-development of diversified approaches in science 
teaching, according to target groups and areas. This ques- 
tion appears particularly relevant in large countries, such 
as China or India. In the case of China, a curriculum struc- 
ture adapted to regional differences, the main characteris- 
tics of schools and students’ individual particularities was 
set up. Diversified approaches also appear particularly rel- 
evant in multi-ethnic countries, such as Indonesia. The 
2000 Indonesian school science curriculum reform will 
provide national standards for basic competencies in sci- 
ence and technology, leaving each district responsible for 
adapting them to its own cultural characteristics. 

A third choice concerns whether or not to link science 
and technology education to local development. Sri Lanka 
recommended that education for the creation and applica- 
tion of science and technology on an ‘industrial basis’ be 
taken into account, in particular in the case of developing 
countries, in order to help them reorient and improve the 
productivity of their economies. 

A fourth choice involves the extent to which a coun- 
try’s financial capabilities determine its education policy. 
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Sri Lanka, for instance, has decided to give a strong prior- 
ity to equal access to education, by providing free text- 
books at elementary and lower secondary school (up to 
and including Grade 11)- which represents a heavy finan- 
cial investment for public authorities, but also a firm pol- 
icy engagement. 

V. STRATEGIES 

Many countries have just undertaken or are about to un- 
dertake an in-depth reform of science and technology 
teaching aimed at counteracting the lack of flexibility of 
science teaching, the segmentation of content, the lack of 
practical knowledge, the poor capacity of teachers to man- 
age change, inadequate textbooks, the isolation of science 
from its environment and unsatisfactory assessment of 
science learning. The strategies adopted can differ signif- 
icantly from country to country but the alternatives con- 
fronting public authorities when setting up the reform 
appear quite similar. 

One of these alternatives is the weight to be attached 
to scientific studies in teaching programmes. According to 
China, the curriculum structure should be balanced by 
means of establishing reasonable subjects or areas of 
study and their time allocation. Another alternative con- 
cerns selecting what constitutes the ‘basics of science’. 
While it is generally recognized that in the face of escalat- 
ing increases in scientific knowledge, comprehensive 
courses should be avoided, how to be selective still needs 
to be explored. It was recommended that, as is the case in 
literature courses, some ‘classics’ and ‘masterpieces’ in 
the scientific field be identified as reference for the analy- 
sis. A third alternative concerns harmonizing science 
teaching at various levels: the problem here is to ensure a 
continuity between primary, secondary and tertiary sci- 
ence and to determine when to start specialization (at up- 
per secondary, as suggested by China?). 

Among the most important factors for any strategy of 
change, the time factor was very often mentioned. As the 
example of the reform undertaken in the Netherlands 
shows, for all the steps of the reform to be accomplished 
(i.e. the adaptation of the curriculum, the training of teach- 
ers and the modification of teaching materials) and for all 
the actors concerned to accept the reform (i.e. academics, 
parents and the society at large), a gradual approach is un- 
doubtedly indispensable but also difficult, as implementa- 
tion of the reform is linked not only to available resources 
but also to social resistance to change. The relation be- 
tween the scale of reform and the time required for its im- 
plementation needs to be clear but it is difficult to predict. 

Ensuring teachers’ capacity to implement the reform 
also poses a difficult problem. The Indonesian pre-service 
training, for example, does not really impart the basic 
competencies needed by a successful teacher, i.e. a thor- 
ough understanding of the subject taught and well-devel- 
oped skills in promoting learning. Most institutions 
responsible for pre-service training are useful for improv- 
ing teachers' mastery of subject content, but less so when 
it comes to improving practical school learning. Several 
strategies to improve the situation are being explored but 
have to be further tested in different contexts. Some of 
these include starting teachers' specialization at a later 



stage; teaching them the history of science; creating teach- 
ers’ guidebooks and providing teachers with support serv- 
ices (New Zealand); designing new ‘inquiry-based 
teaching materials’ that would allow for more flexible and 
creative teaching methods (China); creating data banks 
that can help them in their daily work (Hungary); mobiliz- 
ing ‘agents of change’, such as universities or regional ad- 
visers, to guide them in the implementation of the reform; 
relying on a body of regional inspectors (France) or of 
teachers' organizations (United Kingdom), to meet with 
teachers in the schools and explain to them the aims of 
the reform, give them examples of courses, show them 
examples of assessment, etc.; and providing teachers with 
funds to conduct research on improving teaching methods 
and materials, and thus contributing to their professional 
development (Republic of Korea). 

VI. METHODS AND PEDAGOGY— INNOVATIVE 

EXPERIMENTS 

Both Asian and European countries have developed inno- 
vative experiments during recent years, either inside or 
outside the school system, as regards the methods and 
pedagogy used in science and technology teaching. 

China, through the Zeijang experience, tries to change 
traditional pedagogic approaches, by insisting more on 
mastering than on understanding science. Malaysia has 
designed a ‘model of scientific and thinking skills’, which 
permeates science lessons in various stages, ranging from 
introducing scientific and thinking skills explicitly, apply- 
ing these skills with guidance from teachers and, finally, 
using these skills to solve specific problems independent- 
ly. Sri Lanka has set up another model, called the 
‘Skigushi model’, which attempts to systematize the men- 
tal process through which a conclusion can be formulated 
and is intended to develop the ability to think quickly and 
logically. 

Most countries are confronted with the difficulty of 
arousing pupils' interest and curiosity in science and tech- 
nology matters. In that respect, China underlined the need 
for teachers to emphasize the importance of the ‘wonder 
aspect of science’. The Republic of Korea and Japan em- 
phasized the role of play, and the United Kingdom called 
for the use of a ‘set of explanatory stories’. China and In- 
donesia described practices appealing to the local envi- 
ronment, such as the ‘banana project’, according to which 
bananas are used to study biology, chemistry, economy, 
etc. Pupils can be asked to write ‘science papers’ in order 
to help them draw precise conclusions from what they ob- 
served. The role of teachers in the latter case is crucial and 
quite different from that in traditional teaching settings: 
they have to ‘coach’ pupils and students throughout the 
learning process and develop context-specific learning ac- 
tivities and tasks. 

Hands-on learning projects are being implemented in 
French primary schools and by the European Organiza- 
tion for Nuclear Research (CERN) to try to raise the inter- 
est of the young. These projects aim at familiarizing 
children with science by carrying out experiments and, 
through this, gradually assimilating scientific concepts 
and technological know-how. They have been developed 
in France at the initiative of Physics Nobel Prize winner 
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Georges Charpak. Throughout their investigation, pupils 
are encouraged to reason, argue and discuss ideas and re- 
sults in a very independent way. In the case of CERN, 
hands-on activities are made available during school vis- 
its. Participating groups of children are asked to mimic the 
activity of conducting research. CERN is planning to 
record these hands-on activities in written and visual form 
and make them widely available over the web. 

Dutch schools follows a quite similar approach by pro- 
posing ‘problems-based’ and ‘projects-based’ science 
teaching. The idea is to replace learning the ever-increas- 
ing amount of specific principles and applications of sci- 
entific disciplines by learning to use the fundamentals in 
the situation in which pupils live and that are relevant for 
their future life as citizens and workers. Learning and 
working towards an outcome or product of educational ac- 
tivity helps raised the interest of the young. These meth- 
odological innovations have strong implications for 
curriculum design as well as for the assessment criteria 
being utilized. 

The use of non-school resources for science and tech- 
nology teaching was advocated as a complement to school 
courses. In the Philippines, visits to science museums, to 
manufacturing companies and to industrial sites take 
place. In India, science exhibitions, science clubs, activi- 
ties, debates, etc. are organized. In other countries, net- 
works are being created with the help of local partners to 
support school courses. China has established some ‘sci- 
entific circles’, for instance, and Japan ‘school-centred 
networks of science learning’. Part of the curriculum is 
devoted to field-work and, for that purpose, local existing 
social facilities, such as museums or private companies 
are used. Pupils use exhibits to show their research tasks 
to others. Learning is organized through networks: a net- 
work of the subjects to be taught, a network of school and 
out-of-school facilities, a museums-centred network, a na- 
ture observation network, etc. 

Most of the innovative experiments described referred 
to science. The exception is the ‘Smart School’ project in 
Malaysia, which tries to capitalize on the introduction of 
new technologies in schools to create a stimulating teach- 
ing environment. 

Various issues were raised concerning the innovative 
approaches presented above. Should they be seen as a sub- 
stitute for school education or only as an additional tool? 
Are they part of the learning process or simply exposure 
to science? Could they be easily implemented on a larger 
scale, in various contexts, or should their localized aspects 
be underpinned before trying to apply them elsewhere? 

VII. ORGANIZATION AND MANAGEMENTS 

A key aspect in the reform of science and technology 
teaching concerns new and innovative approaches in cur- 
riculum design, and the methods used to help the teachers 
find the appropriate tools to implement the curriculum. 

One of the issues raised is whether curriculum design 
should start with disciplines or subjects, for each of the 
levels concerned. In the case of Malaysia, the primary lev- 
el science curriculum is organized around five subjects, 
namely the living world, the physical world, the material 
world, earth and the universe, and the world of technolo- 



gy. At upper secondary level, it is organized around disci- 
plines, i.e. science, biology, physics and chemistry. The 
identification of attractive subjects is not always that easy. 

A second issue consists in identifying which disci- 
plines are the subject/object of integration. Disciplines 
which are the subject of integration are bound to use ele- 
ments and approaches borrowed from other disciplines; 
earth science for example, which appeals to physics, 
chemistry, biology, environmental science, etc., can be re- 
garded as a subject of integration. Disciplines that are ob- 
jects of integration are bound to be used by other 
disciplines; mathematics, for instance, as a science tool, 
can be considered as an object of integration. 

A third issue has to do with identifying the relation be- 
tween different learning sequences and the aims of educa- 
tion. This is necessary to determine which courses are 
compulsory and which elective, at various levels. In Thai- 
land for example, the secondary level curriculum distin- 
guishes between compulsory core, compulsory elective 
and free elective courses. At lower secondary level, gen- 
eral science courses are offered as core compulsory and 
elective ones. At upper secondary level, students are di- 
vided into science and non-science stream. For the science 
stream students, physics, chemistry, biology and environ- 
mental science are offered as compulsory elective and free 
elective courses. For the non-science stream, various units 
on physical and biological science are offered. 

A fourth issue is linked with the need to avoid over- 
loading curricula - which exercises a great pressure on 
pupils — and to avoid the ‘cumulation of knowledge’ 
which leads to ‘sediment-like curriculum’. The trend in 
various countries is to reduce the time allotted to science 
teaching, either to give time to the development of ‘crea- 
tive activities’ (Republic of Korea), or as a result of the in- 
tegration of disciplines (Japan). In the latter case, Hungary 
noted that this may require fewer teachers. 

A fifth issue concerns the ‘operationalizing’ of scien- 
tific contents, in other words in the methods to be used to 
put science into context and to encourage the understand- 
ing of society through science. In the Netherlands, at sec- 
ondary level, more attention is given to relating science to 
the world outside school as well as to practical work in all 
science subjects. In Israel, the curriculum is being utilized 
to develop awareness on wise consumer thinking and be- 
haviour by using the decision-making process when se- 
lecting a product or a system. It is also being utilized to 
prepare individuals to take care of the environment. 

A final important point for the implementation of new 
approaches in the field of science and technology teaching 
is the profile and management of training of teachers. In 
fact, it is difficult to ask them to teach things quite differ- 
ent and quite differently (to help them ‘coach’ the educa- 
tion process) to what they have learnt themselves 
(Indonesia talked about ‘new times, old players’). In vari- 
ous Asian countries, most in-service training in science 
education uses a ‘cascade model’, which helps to limit the 
cost of reform management and to train people in a short 
timeframe. Through this training model, a group of key 
personnel are trained (called ‘master-teachers’ in China); 
they in return train other users of the curriculum at region- 
al and then local levels. Indonesia considers that this top- 
down model has little value due to the heterogeneous con- 
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ditions of Indonesian teachers, resources and cultures. In 
Malaysia, it has led to a dilution of knowledge and, conse- 
quently, to the misinterpretation of the curriculum; it was 
suggested that a bottom-up community-based approach 
might be more useful for science development. 

VIII. ASSESSMENT AS TOOLS OF LEARNING, 
MONITORING, SELECTING, ETC. 

Science assessment was presented as a key tool not only 
for evaluating and comparing pupils' educational results 
and, on this basis, for selecting a small elite, but also for 
monitoring the quality of learning, and above all, the suc- 
cess and the limits of implementation of a reform. 

One of the difficulties consists in defining precisely 
what has to be assessed — which has strong implications 
on what is being taught, as what is not considered relevant 
for examination purposes is usually not considered rele- 
vant for learning. In Indonesia, assessment is focused on 
content; this results mainly in memorization and routine 
exercises, responsible for the failure of students to acquire 
real understanding as well as adequate problem-solving 
and critical thinking skills. In India, little importance is at- 
tached to the assessment of practical work, resulting in ut- 
ter neglect of practical work in school education. In the 
United Kingdom, the testing of practical skills has been 
abandoned because of its high cost; this has resulted in 
teachers, who want their pupils to get the best possible re- 
sults, putting less emphasis on the practical aspects of sci- 
ence. France has succeeded in imposing experimental 
science in classes and its proper assessment, after decades 
devoted to convincing decision-makers that practical 
work is worth the money, sensitizing teachers of the inter- 
est of it, and leading schools to build laboratories and buy 
equipment. 

The evolution of science learning (in particular the at- 
tempt to increase the emphasis on the mastering of knowl- 
edge) requires an evolution of the assessment methods 
used. The Philippines established an examination system 
based on learning competencies, which are assessed in 
national elementary and secondary achievement tests. It is 
applied through school-based assessment, with progress 
reports in science achievement shared with parents and 
other stakeholders. The Netherlands developed portfolios 
and dossiers with products produced by students and re- 
flection on learning results and learning processes. France 
created a computer assessment resource bank in science. 

The limitations of assessment are not always well un- 
derstood. To begin with, assessment does not give clue to 
the attitude of the young towards science learning. In 
Japan for instance, according to the Third International 
Mathematics and Science Study (TIMSS), the achieve- 
ments of Japanese children at Grades 4 and 8 are the sec- 
ond and third highest among the twenty-six and forty-one 
participating countries and territories; forty-eight per cent 
of students think that science is important in their daily 
life and twenty per cent want to get a job in the future re- 
lated to science. The way to assess attitudes, inquiry spirit 
and curiosity has still to be found. In China, assessment 
fails to take into consideration multiple forms of intelli- 
gence and, consequently, the various potential of students, 
which leads to the academic failure of most students and 



damage to their self-esteem. In Hungary, the lack of as- 
sessment skills among the teaching force limits any at- 
tempts to reform the system. 

In various Asian states, the pressure of international 
comparisons, such as TIMSS, compels public authorities 
to formulate their education reform policy on the basis of 
expected results, which limits any evolution of the assess- 
ment systems and, consequently, of teaching. 

There exists a wrong perception of what a good educa- 
tion is, through assessment: in seeking to make the impor- 
tant measurable, only the measurable has become 
important. There were not many suggestions made to 
change the situation. 

IX. BY WAY OF CONCLUSION, OUTSTANDING 
AND UNDOCUMENTED QUESTIONS 

The debates helped to raise a number of outstanding ques- 
tions that would need to be addressed in greater depth; a 
few of them are listed below: 

• How to define the ‘basics’ of science education? 

• To what extent are ‘basic competencies’ dependent on 
context, time, country and local situation? 

• Even if it is admitted that part of the basics can differ 
from country to country and evolve during time, what 
criteria should be used in order to determine precisely 
in what they actually consist? 

• How to define ‘science literacy’? Will a concentration 
on science literacy risk undermining the education of 
those who will become future scientists? 

• How to address the lag between the ‘public views’ and 
the ‘experts’ views’ on what is good in science educa- 
tion? 

• Where and when to start specialization? At what age? 
For what cycle? 

• How to select from among all the existing disciplines 
those that have necessarily to be taught? Is there a need 
to make a selection? 

• How to choose the ‘stories’ needed to illustrate the 
concepts being taught in a consistent way? 

• What are the merits and drawbacks of the integration 
of science and technology? 

• How to proceed practically with the integration of sci- 
ence subjects both at national and at school level? 

• How to prepare teachers for a radical change in the 
philosophy of learning and teaching? 

• How to make the truly important measurable? 

• How to articulate basic, secondary and higher educa- 
tion? In particular, how to avoid the pervasive effects 
of specialized science education at higher level for the 
whole system? 

By way of a forward-looking conclusion, two scenarios 
can be imagined as regards the evolution of science edu- 
cation in the coming years: a ‘vicious scenario’ and a ‘vir- 
tuous scenario’. 

According to the vicious scenario, the situation pre- 
vailing today in most countries would persist, leading to 
the continuous deterioration of science education. The 
confusion on the mission statements of science education 
would persist. The lack of adequate teachers and the neg- 
ative selection process linked to the existing systems of 
assessment would continue to have a pervasive effect on 



132 



143 



the whole education system, except for ‘the fortunate 
few’. It would maintain the process of flight out of science 
education streams. 

According to the virtuous scenario, the mission state- 
ments of science education would be redrafted by level, 
after having carefully assessed the demand of the labour 
market through an appropriate communication strategy 



and properly addressed the question of what makes a good 
worker: good scientific literacy or specialized science 
teaching. The feasibility of alternative policies and strate- 
gies would be tested. Carefully planned programmes of 
implementation would be adopted. The methods of as- 
sessment used would be adapted in order to measure the 
‘relevant’, rather than simply the ‘measurable*. 
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